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Chapter 1 

INTRODUCTION 

1.1 PURPOSE, SCOPE, AND STRUCTURE OF STATEMENT 

Th is  environmental impact statement ( E I S )  addresses development o f  a new 
r e g u l a t i o n ,  Part 61, t o  t h e  U.S. Nuclear Regulatory Commission (NRC) r u l e s  i n  
T i t l e  10, Code o f  Federal Regulat ions t o  p rov ide  s p e c i f i c  requirements f o r  
l i c e n s i n g  t h e  l a n d  d isposal  o f  l ow- leve l  r a d i o a c t i v e  waste (LLW). 

There are. t h r e e  p r i n c i p a l  purposes t o  t h e  r e g u l a t i o n  being developed: 

o 	 E s t a b l i s h  general requirements f o r  t h e  l a n d  d isposal  o f  r a d i o a c t i v e  
waste; 

o 	 E s t a b l i s h  t h e  t e c h n i c a l  requirements f o r  d isposal  o f  r a d i o a c t i v e  
waste by near-surface d isposal  i n c l u d i n g  l i m i t s  on t h e  form and 
con ten t  o f  waste t o  c l a s s i f y  o r  t o  d e f i n e  which wastes a re  acceptable 
f o r  near-surface d isposal ;  and 

o 	 E s t a b l i s h  t h e  a d m i n i s t r a t i v e  and procedural  requirements which NRC 
w i l l  f o l l o w  i n  l i c e n s i n g  t h e  l a n d  d isposal  o f  r a d i o a c t i v e  waste. 

I n  t h i s  EIS, performance o b j e c t i v e s  a r e  analyzed and presented f o r  l a n d  d isposal .  
S p e c i f i c  t e c h n i c a l  requirements a re  analyzed and presented f o r  near-surface 
d isposal  methods--i.e., d isposal  t h a t  g e n e r a l l y  takes p lace  w i t h i n  t h e  t o p  
15-20 meters o f  t h e  e a r t h ' s  sur face i n v o l v i n g  s p e c i f i c  techniques such as 
s h a l l  ow 1and b u r i  a1 , deeper b u r i  a1 and engi  neered des i  gns and modi f ic a t i  ons. 
F i n a l l y ,  a d m i n i s t r a t i v e ,  procedura l ,  and f i n a n c i a l  requirements f o r  l i c e n s i n g  
s p e c i f i c  l a n d  d isposal  f a c i l i t i e s  a re  a l s o  developed and presented. 

1.1.1 Purpose 

NRC has a t w o - f o l d  purpose i n  p repar ing  t h i s  E I S .  F i r s t ,  i t  i s  t o  f u l f i l l  
NRC's r e s p o n s i b i l i t i e s  under t h e  Nat ional  Environmental P o l i c y  Act  o f  1969 
(NEPA) (Ref. 1). Sect ion 102(2)(c) o f  NEPA r e q u i r e s  t h a t  an E I S  be prepared 
by f e d e r a l  agencies f o r  "major Federal a c t i o n s  s i g n i f i c a n t l y  a f f e c t i n g  t h e  
q u a l i t y  o f  t h e  human environment ..." NRC has determined t h a t  t h e  promulgat ion 
o f  a new r e g u l a t i o n  governing t h e  d isposal  o f  LLW c o n s t i t u t e s  such an a c t i o n  
arid t h a t  an E I S  should t h e r e f o r e  be prepared. 

NRC has a l s o  prepared t h i s  E I S  t o  demonstrate t h e  d e c i s i o n  process and bases 
a p p l i e d  i n  t h e  establ ishment  o f  t e c h n i c a l  requirements and l i c e n s i n g  procedures 
t o  be i nc luded  i n  t h e  P a r t  61 r e g u l a t i o n .  I t  i s  t h e  i n t e n t  o f  NEPA t o  have 
f e d e r a l  agencies i nco rpo ra te  environmental values i n t o  t h e  decisionmaking 
process a t  an e a r l y  stage t o  assure a thorough cons ide ra t i on  o f  such values. 
As w i l l  be shown i n  l a t e r  chapters o f  t h i s  document, NRC has considered and 
analyzed a l t e r n a t i v e  courses o f  a c t i o n  and requirements were se lec ted  w i t h  f u l l  

1-1 




1-2 


cons ide ra t i on  o f  environmental,  hea l th ,  and s a f e t y  e f f e c t s  t o  c u r r e n t  and 
f u t u r e  generat ions.  

1.1.2 Scope 

This  E I S  analyzes requirements f o r  t h e  l a n d  d isposal  o f  r a d i o a c t i v e  waste. As 
w i l l  be discussed i n  g rea te r  d e t a i l  i n  Chapter 2, t h e r e  i s  a l a r g e  range i n  
a l t e r n a t i v e  d isposal  methods which can be a p p l i e d  i n  t h e  d isposal  o f  LLW 
i n c l u d i n g  deep space, ocean d i sposa l ,  and a range o f  land-based methods. It 
i s  n o t  p o s s i b l e  t o  develop one r e g u l a t i o n  d e a l i n g  w i t h  such a l a r g e  v a r i a t i o n  
i n  d isposal  technologies.  Thus, P a r t  6 1  w i l l  apply  and t h i s  E I S  w i l l  analyze 
requirements f o r  t h e  l and  d isposal  o f  waste. Requirements f o r  ocean d isposal  
a r e  a r e s p o n s i b i l i t y  o f  t h e  EPA. Space d isposal ,  a l though t e c h n i c a l l y  f e a s i b l e ,  
i s  n o t  developed t o  t h e  p o i n t  o f  r o u t i n e  t e c h n i c a l  and economic a p p l i c a t i o n .  

This  E I S  i s  n o t  a gener ic  E I S  i n  t h a t  i t  does n o t  at tempt t o  analyze a l l  o f  
t h e  issues t h a t  are i n v o l v e d  i n  t h e  d isposal  o f  LLW. Rather, i t  i s  s p e c i f i c  
t o  p r o v i d i n g  a balanced d e c i s i o n  a n a l y s i s  l e a d i n g  t o  the  establ ishment o f  t h e  
t e c h n i c a l  requirements and procedures f o r  l i c e n s i n g  t h e  d isposal  of LLW. Only 
issues t h a t  a r e  germane t o  t h i s  d e c i s i o n  process a re  analyzed and considered. 
Sect ion 1.4 o f  t h i s  chapter summarizes these issues. 

NRC had i n i t i a l l y  planned t o  develop and i ssue  a r e g u l a t i o n  t h a t  would apply 
o n l y  t o  shal low l a n d  b u r i a l  f o l l owed  by amendments t h a t  would apply  t o  o the r  
speci f ic a1t e r n a t i  ve 1and- based d i  sposal methods. Based on in i  tia1 work in 
scoping and p repar ing  t h i s  E I S ,  NRC has expanded t h e  scope o f  t h i s  i n i t i a l  
ru lemaking a c t i o n  t o  i n c l u d e  de te rm ina t ion  o f  o v e r a l l  performance o b j e c t i v e s  
expected i n  l and  d isposal ;  s p e c i f i c  t e c h n i c a l  requirements f o r  t h e  d isposal  o f  
waste "near surface" by such means as shal low b u r i a l ,  engineered designs and 
m o d i f i c a t i o n s  and deeper b u r i a l  ; and general requirements f o r  d isposal  o f  
waste by o the r  methods (e.g., deep-mined c a v i t y  o r  o the r  ve ry  deep d isposal ) .  
The development o f  s p e c i f i c  t e c h n i c a l  requirements f o r  deep mined c a v i t i e s  o r  
f o r  o t h e r  very deep d isposal  methods w i l l  be considered a t  a l a t e r  t ime through 
a separate rulemaking. The s p e c i f i c  aspects o f  LLW disposal  t h a t  a re  examined 
and analyzed t o  determine t h e  requirements f o r  near-surface d isposal  i n c l u d e  
t h e  form and con ten t  o f  waste; i n s t i t u t i o n a l  c o n t r o l  and s u r v e i l l a n c e  o f  a 
d isposal  f a c i l i t y  a f t e r  c losure;  n a t u r a l  s i t e  c h a r a c t e r i s t i c s ;  d isposal  f a c i l i t y  
design and operat ions;  and f i n a n c i a l  assurance. A d m i n i s t r a t i v e  and procedural  
requirements f o r  l i c e n s i n g  t h e  l a n d  d isposal  o f  LLW are a l s o  examined. F i n a l l y ,  
t h i s  E I S  a l s o  examines and es tab l i shes  a c l a s s i f i c a t i o n  o r  d e f i n i t i o n  o f  which 
wastes a re  acceptable f o r  d isposal  by near-surface d isposal  methods (and which 
wastes are n o t  and must be disposed o f  by o t h e r  methods). 

1.1.3 S t r u c t u r e  o f  t h e  E I S  

This  E I S  has been prepared i n  accordance w i t h  requirements o f  t h e  Na t iona l  
Environmental P o l i c y  Act  (NEPA) and f o l l o w i n g  Counci l  on Environmental Q u a l i t y  
(CEQ) r e g u l a t i o n s  (Ref. 2) f o r  p r e p a r a t i o n  o f  environmental impact statements 
and NRC implementing r e g u l a t i o n s  s e t  o u t  i n  T i t l e  10, Code o f  Federal Regula
t i o n s ,  P a r t  51, "L i cens ing  and Regulatory P o l i c y  and Procedures f o r  Environ
mental P ro tec t i on . "  Both e x i s t i n g  NRC requirements and those s e t  o u t  i n  a 
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Not i ce  o f  Proposed Rulemaking t o  amend 10 CFR P a r t  51 t o  implement new CEQ 
r e g u l a t i o n s  (Ref. 3)  have been consul ted i n  t h e  p r e p a r a t i o n  o f  t h i s  statement. 

The E I S  i s  d i v i d e d  i n t o  ten  formal chapters which a re  l i s t e d  and summarily 
descr ibed i n  t h e  f o l l o w i n g  paragraphs. 

Chapter 1 - " I n t r o d u c t i o n "  discusses t h e  purpose, scope, and s t r u c t u r e  o f  t h e  
EIS, descr ibes t h e  proposed a c t i o n  and t h e  need f o r  it, reviews t h e  scoping 
process used t o  focus t h e  E I S ,  and se ts  o u t  t h e  s p e c i f i c  issues i n v o l v i n g  
r a d i o a c t i v e  waste d isposal  t h a t  w i l l  be addressed i n  t h i s  statement. 

Chapter 2 - "Development o f  Regulat ions f o r  LLW Disposal"  presents  t h e  s t r a t e g y  
NRC has fo l l owed  i n  developing r e g u l a t i o n s  f o r  LLW disposal  and presents  and 
reso lves  t h r e e  issues: t h e  type o f  requirements t o  be developed, a l t e r n a t i v e  
d isposal  methods, and approach t o  c l a s s i f i c a t i o n  o f  LLW. 

Chapter 3 - " D e s c r i p t i o n  o f  t h e  A f f e c t e d  Environment and Approach Fol lowed i n  
P repar ing t h i  s EIS" descr ibes t h e  envi  ronment exper i  enc i  ng d i r e c t  and ind i  r e c t  
impacts and descr ibes how, f o r  purposes o f  ana lys i s  i n  t h i s  E I S ,  NRC developed 
a base o f  data about t h e  environment and developed impact measures t h a t  can be 
a p p l i e d  i n  dec id ing  t h e  performance o b j e c t i v e s  and techn ica l  requirements t h a t  
should be a p p l i e d  i n  t h e  d isposal  o f  LLW. 

Chapter 4 - "Presentat ion and Analys is  o f  A l t e r n a t i v e s - I n t r u d e r "  presents an 
a n a l y s i s  o f  LLW disposal  t o  determine pathways o f  human exposure t h r u  inad
v e r t e n t  i n t r u s i o n ,  analyzes t h e  "no a c t i o n  a1t e r n a t i  ve" p r e s e n t i  ng t y p i c a l  
cos ts  and impacts t o  an i n a d v e r t e n t  i n t r u d e r  from LLW disposal  as i t  has 
t y p i c a l l y  been c a r r i e d  out ;  analyzes a range o f  a l t e r n a t i v e s  t h a t  can be 
a p p l i e d  i n  t h e  design, operat ion,  i n s t i t u t i o n a l  c o n t r o l ,  and form o f  waste t o  
reduce t h e  impacts t o  an i n a d v e r t e n t  i n t r u d e r ;  presents  and analyzes a range 
of numerical performance o b j e c t i v e s  and t e c h n i c a l  requirements t o  assure an 
adequate l e v e l  o f  s a f e t y  i n  LLW disposal ;  and s e l e c t s  a p r e f e r r e d  performance 
o b j e c t i v e  and t e c h n i c a l  requirements. 

Chapter 5 - "Presentat ion and Analys is  o f  Alternatives-Long-Term Environmental 
P ro tec t i on "  analyzes long-term environmental pathways o f  re lease; analyzes the  
"no a c t i o n  a1t e r n a t i v e "  p resen t ing  t y p i c a l  costs  and impacts from environmental 
re leases; analyzes a range o f  a l t e r n a t i v e s  t h a t  can be a p p l i e d  t o  m i t i g a t e  t h e  
impacts; presents  and analyzes a l t e r n a t i v e s  performance o b j e c t i v e s  and t e c h n i c a l  
requirements f o r  long-term environmental p r o t e c t i o n ;  and s e l e c t s  a p r e f e r r e d  
performance o b j e c t i v e  and t e c h n i c a l  requirements. 

Chapter 6 - "Operat ional  Safety" analyzes s a f e t y  d u r i n g  t h e  opera t i on  o f  a 
near-surface d isposal  f a c i l i t y  i n c l u d i n g  p o t e n t i a l  re leases from acc idents  and 
waste process ing a t  a c e n t r a l  waste process ing f a c i l i t y  co located w i t h  t h e  
disposaY f a c i l i t y  and sets  o u t  requirements d i r e c t e d  a t  assur ing s a f e t y  d u r i n g  
o p e r a t i  ons. 

Chapter 7 - " C l a s s i f i c a t i o n  o f  Waste f o r  Near-Surface Disposal ' '  c o l l e c t i v e l y  
t i e s  a l l  o f  t h e  p r e f e r r e d  t e c h n i c a l  requirements toge the r  t o  present  a c l a s s i 
f i c a t i o n  o f  waste f o r  near-surface d isposal  , i.e .  , de f ines  several  ca tegor ies  
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o f  waste based on t h e  type, form, and concen t ra t i on  o f  va r ious  nuc l i des  i n  
waste and t h e  requirements t h a t  should be a p p l i e d  i n  t h e  d isposal  o f  each 
category. It a l s o  i d e n t i f i e s  wastes which would g e n e r a l l y  n o t  be acceptable 
f o r  near-surface d isposal .  

Chapter 8 - "Regulatory Program f o r  LLW Disposal"  reviews e x i s t i n g  admin is t ra
t i v e  and procedura l  requirements f o l l o w e d  and a p p l i e d  by t h e  NRC i n  l i c e n s i n g  
LLW disposal  f a c i l i t i e s  and presents  changes t o  these requirements. 

Chapter 9 - " F i n a n c i a l  Assurances f o r  Closure, Postclosure,  and I n s t i t u t i o n a l  
Con t ro l "  reviews t h e  need f o r  f i n a n c i a l  assurance requirements; presents  and 
analyzes a l t e r n a t i v e s  considered; and s e l e c t s  p r e f e r r e d  requirements t o  assure 
adequate funds w i l l  be a v a i l a b l e  f o r  c losu re ,  postc losure,  and i n s t i t u t i o n a l  
c o n t r o l .  

Chapter 10 - "Environmenal Consequences o f  P a r t  61" presents  t h e  t y p i c a l  and 
unmi t i ga ted  impacts o f  t h e  new P a r t  61 r u l e  i n c l u d i n g  a n a l y s i s  o f  t h e  d isposal  
o f  waste on a r e g i o n a l  bas i s  f o l l o w i n g  t h e  p r e f e r r e d  t e c h n i c a l  requirements 
i d e n t i f i e d  i n  t h i s  �IS. 

A s e r i e s  o f  Appendices which a r e  being pub l i shed  as a separate volume c o n t a i n  
t h e  d e t a i l s  of t h e  assumptions, a n a l y s i s  methodology, computer programs, and 
d e t a i l e d  l i s t i n g  o f  r e s u l t s .  Fo l l ow ing  i s  a l i s t i n g  of t h e  Appendices. 

Appendix A - "Reserved f o r  S t a f f  Analysis--Comments on D r a f t  E I S  and Proposed 
P a r t  6 1  Rule" 

Appendix B - "Reserved f o r  P u b l i c  Comments on D r a f t  E I S  and Proposed P a r t  6 1  
Rule" 

Appendix C - "Pub l i c  P a r t i c i p a t i o n  i n  t h e  Development o f  t h e  LLW Disposal  
Regulat ion" 

Appendix D - "Low-Level Waste Sources and Processing Options" 
Appendix E - " D e s c r i p t i o n  o f  a Reference Near-Surface Disposal  F a c i l i t y "  
Appendix F - " A l t e r n a t i v e  Near-Surface Disposal  Technologies" 
Appendix G - "LLW Disposal  Impacts Analys is  Methodology" 
Appendix H - "A1t e r n a t i v e s  Analys is  Codes" 
Appendix I - "NRC Branch Technical  Position-Low-Level Waste B u r i a l  Ground S i t e  

Closure and S t a b i l i z a t i o n "  
Appendix J - "Regional Case Studies" 
Appendix K - " F i  nanci a1 Requi rements f o r  C1osure, Pos tc l  osure and A c t i v e  

I n s t i t u t i o n a l  Contro l  f o r  a DisDosal Faci  1i t y "  
Appendix L - "Reserved f o r  F i n a l  EIS" 
Appendix M - " P o t e n t i a l  Long-Term Impact Other than Ground-Water M i g r a t i o n  

and Inadver ten t  I n t r u s i o n "  
Appendix N - "Analys is  o f  E x i s t i n g  Recommendations, Regulat ions , and Guides" 
Appendix 0 - "Reserved f o r  F i n a l  EIS" 
Appendix P - "Reserved f o r  F na l  EIS" 
Appendix Q - " C a l c u l a t i o n  of  Preoperat ional ,  Operat onal ,  Closure, and Act  ve 

I n s t i t u t i o n a l  Contro l  Costs" 
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1.2 WEED FOR AND DESCRIPTION OF THE PROPOSED,ACTION 

Tkis section is designed to acquaint the reader with basic information on 
commercial waste disposal as it exists today and then, drawing upon this 
information, demonstrate the need for a comprehensive LLW regulation. The 
section also contains a brief description of the proposed action. 

1.2.1 Background Lo Commercial LLW Disposal 

The term L'low-levelwaste" serves as a general term for a very wide range of 
rad4oactive waste. Any industsy , hospital medical , educational, or research 
institution, private or government laboratory, nuclear power plant, and other 
facilities forming part of the nuclear fuel cycle ( e - g .  a fuel fabrication 
plant) utilizing radioactive material as B part of their operational activi
ties generates so-called low-level radioactive waste just as they generate
other types o f  hazardous and nonhazardous waste, LLW consists of the radio
active materials themselves and materials which have been in contact wlith 
radioactive material and are contaminated or suspect of being contaminated, 

Presently there are more than 20,000 companies, institutions, laboratories, 
and government facilities licensed by the NRC or Agreement States to use 
radioactive materials as a normal part o f  their day-to-day activities and most  
of these users generate some? form of low-level radioactive waste which must be 
disposed of .  Because of the wide range in the type of activities using these 
materials and the wide range in specific purposes of application, LLW is 
~~neratedi n  a wide range of waste types, forms, and amounts. It ranges from 
suspect trash (e.g., laboratory wipes merely suspected of being contaminated)
and hospital waste containing small quantities of short-lived radiapharmaceu
ticals to higher activity reactor filter sludges an$ sealed cobalt teletherapy 
sources. Currently about 85,000m3 (3 million ft3) of commercial LLW is 
generated annually. Based on projectlons o f  LLW volume prepared by NRC for 
the 36 basic waste streams considered in this EIS, about. 3.62 million m3 (128
million fL3) will be generated during the period 1980-2000. Of this, about 65% 
of the waste will be generated by fuel cycle sources and 35% by nanfuel cycle 
sources. fnstitutional generators will account f o r  about 19% of the slonfuel 
cycle sources. 

For mast o f  the LLW that i s  generated in the U.S., the disposal process
consists of three steps: processing and packaging; transport; and disposal.
With regard to the first of these steps, mast LLW, in its generated form, is 
placed in a U . S .  Department o f  Transportation (DOT) shippbng container and 
transported to ip licensed commercial disposal facility for disposal. In other 
cases the waste may be further processed t o  reduce its volume or change its 
form (e.g., solidification of liquid wastes with cement) at which point it i s  
placed inside a DOT-approved shipping container and shipped for disposal. (In 
some case$ the type, form, and quantity sf waste generated i s  such that the 
licensee can dispose of it directly under specific provisions of 10 CFR 

Part 20, e.g., dischirrge to the sanitary sewer system.) 


In addition to those licensees who generate LLW, there are a number of licensed 
companies involved in the pickup, transport, and delivery of packaged LLW to 
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licensed disposal facilities for disposal. In some cases, these companies
also provide additional services including supply of packaging, preparation o f  
waste for shipment, and solidification of liquids. These companies generally
pick up waste at customer facilities, consolidate individual waste packages
into larger shipments, assume responsibility for the waste, and transport it 
to the disposal facility. A waste generator not using the services of such 
waste collectors will hire and consign the waste to a registered common or 
contract carrier for transport to the disposal facility. In this case the 
shipper retains responsibility for the waste. 

Upon receipt of packaged LLW by a licensed commercial disposal site operator,
it is disposed of by a method known as shallow land burial (SLB). This method 
of waste disposal consists of placing packaged waste into trenches that are 
about 150 m long by 30 m wide by 8 m deep. The trenches are backfilled with 
soil material excavated from the trench during construction, capped, and 
mounded to facilitate precipitation runoff. 

1.2.2 Brief History of LLW Disposal 

The disposal of commercial LLW by shallow land burial generally followed from 
the practices and procedures utilized by the Atomic Energy Commission (AEC) at 
national laboratories involved in atomic energy research and development and 
defense programs (Ref. 4). Activities in the programs involving use of radio
active materials generated quantities of radioactive waste and means had to be 
developed for their disposal. 

Two principal methods of disposal were utilized: SLB and ocean disposal. The 

practice of SLB was quickly adopted as the preferred disposal practice. This 

technique could be utilized near the point where the waste was being generated,

avoiding unnecessary transportation which might jeopardize the security of the 

project in the event of a transportation accident. In addition, SLB proved to 

be a fairly cost-effective technique as it employed practices commonly used in 

sanitary landfill operations and did not require unusual equipment or construc

tion techniques. 


With the growth of commercial applications, the AEC announced in 1960 that 
regional land burial sites for commercial LLW should be established on federal-
or state-owned land and that the sites should be operated by private contractors 
subject to government licensing authority. With this announcement, the AEC 
indicated that its disposal sites would only be available for commercial use 
until adequate disposal capacity was established in the private sector. As an 
interim measure, pending designation of regional commercial waste sites, the 
AEC also announced that disposal sites at Idaho Falls, Idaho and Oak Ridge,
Tennessee would continue to accept commercial wastes for disposal. 

At the same time, the AEC also initiated a phase-out of sea disposal operations
by placing a moratorium on the issuance of new sea disposal licenses. Existing
licenses remained in effect and were phased out. The last disposal at sea 
took place in June 1970. 
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In February 1961, the AEC established a regulatory program for licensing the 

commercial operation of land burial sites on federal or state government-owned

land. The regulations in existence at that time set out no specific technical 

criteria for site selection, design, operation, and closure although general

considerations regarding site hydrology, geology, and other factors that 

should be addressed were identified. In September 1962, the AEC licensed the 

first commercial land burial site at Beatty, Nevada and, during the period

1962-1971, five additional commercial sites were licensed by the AEC or 

Agreement States resulting in a regional distribution of commercial disposal

sites. These six sites were spread geographically throughout the United 

States and located near Richland, Washington (sited on the Hanford Reservation);

Beatty, Nevada; Sheffield, Illinois; Maxey Flats, Kentucky; West Valley, New 

York; and Barnwell, South Carolina. In May 1962, the AEC withdrew its program

of interim acceptance of commercial waste at Idaho Falls and Oak Ridge. 


The DOE has operated 14 sites throughout the country for the disposal of 

wastes generated from defense programs and DOE research and development

activities. A discussion of the characteristics and problems of the 

commercial and DOE sites has been extensively studied and i s  well-documented 

in the literature. Presently only three commercial sites remain open and two 

companies are involved in their operation: Chem-Nuclear Systems, Inc. (Barnwell,

South Carolina) and U.S.  Ecology, Inc. (Beatty, Nevada and Richland, Washington).

Table 1.1 lists the six commercial sites, their respective operators, and 

current status. 


Table 1.1 Commercial Waste Disposal Sites 


Location Operator 

Originally
Licensed 
BY (year) 

Currently
Licensed By 

Beatty, 
Nevada 

U.S.  Ecology, Inc. AEC (1962) State 

Maxey Flats, 
Kentucky 

U.S. Ecology, Inc. Kentucky (1962) State 

West Valley,
New York 

Nuclear Fuel 
Services, Inc. 

New York (1963) State 

Richland, 
Washington 

U.S.  Ecology, Inc. AEC (1965) State and 
NRC" 

Sheffield,
Illinois 

U.S.  Ecology, Inc. AEC (1967) NRC 

Operational

Status 


Open 


Closed 


Closed 


Open 


C 1osed 


Barnwell Chem-Nuclear South State and Open

S. Carolina Systems, Inc. Carolina (1971) NRC* 


"NRC licenses only special nuclear material. 
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1.2.3 Federal and S ta te  R e s p o n s i b i l i t i e s  i n  Commercial LLW Disposal 

There a re  f i v e  key fede ra l  agencies t h a t  admin is ter  programs regard ing  t h e  
management and d isposal  o f  LLW. These i n c l u d e  t h e  Nuclear Regulatory Commis
s i o n  (NRC), t h e  Environmental P r o t e c t i o n  Agency (EPA), t h e  U.S. Geological  
Survey (USGS) i n  t h e  Department o f  I n t e r i o r ,  t h e  Department o f  Energy (DOE), 
and t h e  Department o f  T ranspor ta t i on  (DOT). 

The Nuclear Regulatory Commission (NRC) was es tab l i shed  by t h e  Energy Reorgani
z a t i o n  Act  o f  1974. This  A c t  abol ished t h e  Atomic Energy Commission (AEC) and 
t r a n s f e r r e d  a l l  o f  i t s  l i c e n s i n g  and r e l a t e d  r e g u l a t o r y  f u n c t i o n s  assigned by 
t h e  Atomic Energy Ac t  o f  1954 t o  NRC. P r i o r  t o  1974, t h e  AEC had n o t  o n l y  
r e g u l a t o r y  and l i c e n s i n g  r e s p o n s i b i l i t i e s ,  b u t  a l s o  research and development 
func t i ons  w i t h  respect  t o  atomic energy and r e l a t e d  d i s c i p l i n e s .  The Energy 
Reorganizat ion Ac t  o f  1974 s p l i t  t h e  AEC i n t o  two separate organizat ions:  t h e  
NRC and t h e  Energy Research and Development A d m i n i s t r a t i o n  (ERDA). The 
f u n c t i o n s  o f  ERDA have s ince been inco rpo ra ted  i n t o  t h e  Department o f  Energy 
which c a r r i e s  o u t  f ede ra l  r e s p o n s i b i l i t i e s  f o r  t h e  research, development, and 
t r a n s f e r  o f  LLW disposal  technology t o  commercial i ndus t r y .  

NRC has the  r e s p o n s i b i l i t y  i n  t h e  Un i ted  States o f  r e g u l a t i n g  and l i c e n s i n g  
the commercial and nondefense governmental use o f  source, byproduct,  and 
spec ia l  nuc lear  m a t e r i a l .  Th i s  r e s p o n s i b i l i t y  extends t o  l i c e n s i n g  commercial 
d isposal  o f  LLW i n  l i c e n s e d  f a c i l i t i e s .  NRC c a r r i e s  o u t  i t s  r e s p o n s i b i l i t i e s  
i n  compliance w i t h  o v e r a l l  f ede ra l  r a d i a t i o n  p r o t e c t i o n  guidance and environ
mental standards es tab l i shed  by t h e  Environmental P r o t e c t i o n  Agency. &PA was 
charged w i t h  t h i s  r e s p o n s i b i l i t y  i n  t h e  Reorganizat ion Plan Number Three o f  
1970. The U . S .  Geological  Survey i s  responsib le  f o r  bas i c  research i n  t h e  
geo log ica l  sciences and development o f  bas i c  data f o r  a p p l i c a t i o n  i n  the  
development o f  c r i t e r i a  and t o  p rov ide  t e c h n i c a l  advice i n  t h e  assessment of 
s p e c i f i c  d isposal  s i t e s .  The U.S. Department o f  T ranspor ta t i on  has t h e  pr imary 
r e s p o n s i b i l i t y  f o r  r e g u l a t i n g  waste conta iners,  t r a n s p o r t  veh ic les ,  and o the r  
aspects o f  t h e  i n t e r s t a t e  t r a n s p o r t  o f  r a d i o a c t i v e  waste. 

E x i s t i n g  NRC r e g u l a t i o n s  f o r  commercial LLW disposal  i n  l i censed  d isposal  
f a c i l i t i e s  a r e  p r i n c i p a l l y  conta ined i n  a few paragraphs i n  10 CFR P a r t  20 

20.302). The requirements main ly  descr ibe i n  general terms t h e  t ype  of 
i n f o r m a t i o n  t o  be i nc luded  i n  an a p p l i c a t i o n  f o r  a d isposal  f a c i l i t y  and 
r e q u i r e  t h a t  LLW disposal  f a c i l i t i e s  must be s i t e d  on l a n d  owned by t h e  s t a t e  
o r  f ede ra l  government. I n  a d d i t i o n  t o  d isposal  o f  waste a t  commercial ly 
operated shal low l a n d  b u r i a l  f a c i l i t i e s ,  p r o v i s i o n s  o f  10 CFR P a r t  20 p rov ide  
o t h e r  means t h a t  l icensees may use t o  dispose o f  waste d i r e c t l y .  These inc lude  
discharge t o  t h e  s a n i t a r y  sewer system (§20.303), re lease t o  t h e  a i r  and water 
(520.106), b u r i a l  i n  t h e  s o i l  o r  o the r  means o f  d isposal  upon s p e c i f i c  l i c e n s e  
approval (020.302), and t reatment  o r  d isposal  by. i n c i n e r a t i o n  (420.305). The 
NRC a l s o  r e c e n t l y  adopted amendments t o  P a r t  20 (520.306) t h a t  p rov ide  f o r  
r o u t i n e  d isposal  o f  carbon-14 and t r i t i u m  i n  concentrat ions l e s s  than 
0.05 pCi/gm (microcurie/gram) when conta ined i n  animal carcass and l i q u i d  
s c i  n t i  11a t i  on cock ta i  1 waste. 
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Other NRC regu la t i ons ,  P a r t  30 ("Rules o f  General A p p l i c a b i l i t y  t o  Domestic 
L i cens ing  o f  Byproduct Ma te r ia l " ) ,  P a r t  40 ("Domestic L icens ing o f  Source 
Ma te r ia l " ) ,  and P a r t  70 ("Domestic L i cens ing  o f  Special  Nuclear Mater ia l " ) - -apply  
t o  possession o f  l i c e n s e d  m a t e r i a l  by a d isposal  f a c i l i t y  l icensee.  P a r t  2 
("Rules o f  P r a c t i c e  f o r  Domestic L i cens ing  Proceedings") con ta ins  general 
requirements f o r  NRC l i c e n s i n g  proceedings. P a r t  5 1  ( "L icens ing and Regulatory 
P o l i c y  and Procedures f o r  Environmental P ro tec t i on " )  conta ins requirements f o r  
compliance w i t h  t h e  Na t iona l  Environmental P o l i c y  A c t  o f  1969 (NEPA). Under 
the  e x i s t i n g  r e g u l a t o r y  framework f o r  LLW disposal  l i c e n s i n g ,  r e g u l a t o r y  
requirements f o r  a p o t e n t i a l  d isposal  f a c i l i t y  l i c e n s e e  a re  n o t  c e n t r a l i z e d ,  
systemat ic,  o r  r e a d i l y  i d e n t i f i e d .  

I n  d i scha rg ing  i t s  r e s p o n s i b i l i t i e s ,  NRC i s  empowered by t h e  Atomic Energy Ac t  
t o  r e l i n q u i s h  p a r t  o f  i t s  r e g u l a t o r y  a u t h o r i t y  over  source, byproduct, and 
spec ia l  nuc lear  m a t e r i a l  t o  t h e  s ta tes .  Under Sect ion 274 o f  t h e  Act, be fo re  
t h e  NRC en te rs  i n t o  such an agreement, t h e  s t a t e  must have a r a d i a t i o n  c o n t r o l  
program t h a t  i s  compat ib le wi th  NRC's, and t h e  s t a t e ' s  program must be judged 
adequate by NRC t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and sa fe ty .  Cur ren t l y ,  t h e r e  a r e  
26 such Agreement States.  To t h e  e x t e n t  t h a t  a new r e g u l a t i o n  represents  a 
change i n  NRC's r a d i a t i o n  p r o t e c t i o n  programs f o r  source, byproduct, and 
spec ia l  nuc lear  m a t e r i a l ,  i t  i s  necessary t h a t  t h e  Agreement States cooperate 
i n  t h e  f o r m u l a t i o n  o f  compat ib le r e g u l a t i o n s  and r e v i s e  t h e i r  e x i s t i n g  regula
t i o n s  as necessary. Current  NRC r e g u l a t i o n s  regarding.NRC's r e l a t i o n s h i p  w i t h  
t h e  Agreement States a r e  conta ined i n  10 CFR P a r t  150. 

L i cens ing  o f  commercial LLW disposal  f a c i l i t i e s  i s  p a r t  o f  t h e  NRC's a u t h o r i t y  
which may be assumed by an Agreement State.  O f  t h e  s i x  commercial d isposal  
f a c i l i t i e s  which have operated i n  t h e  Un i ted  States,  f i v e  o f  these f a c i l i t i e s  
are l o c a t e d  i n  Agreement States and a re  p r i n c i p a l l y  r e g u l a t e d  by t h e  Agreement 
States (See Table 1.1). 

1.2.4 Need f o r  A c t i o n  

As mentioned e a r l i e r ,  t h e  AEC es tab l i shed  a r e g u l a t o r y  program f o r  l i c e n s i n g  
t h e  commercial ope ra t i on  o f  l and  d isposal  s i t e s  i n  February 1961. No d e t a i l e d  
t e c h n i c a l  requirements for s i t e  s e l e c t i o n ,  design, operat ion,  and c l o s u r e  
were, however, es tab l i shed  (Ref. 4). The f o l l o w i n g  considerat ions were a p p l i e d  
by  t h e  AEC and Agreement States i n  l i c e n s i n g  t h e  e x i s t i n g  commercial d isposal  
s i t e s :  

o 	 A w r i t t e n  commitment must be obta ined from a government body o r  a 
responsib le  o f f i c i a l  t h a t  a s t a t e  o r  f ede ra l  agency would assume 
c o n t r o l  over t h e  b u r i a l  s i t e  i n  t h e  event o f  d e f a u l t  o r  abandonment 
o f  t h e  s i t e  by t h e  commercial operator.  The s i t e  must be l o c a t e d  on 
l a n d  owned by t h e  f e d e r a l  o r  s t a t e  government. 

o 	 The geo log ica l  o r  hyd ro log i ca l  c h a r a c t e r i s t i c s  o f  t h e  s i t e  must be 
such t h a t  waste m a t e r i a l  i s  conta ined i n  a manner tha t  w i l l  n o t  
endanger p u b l i c  h e a l t h  o r  s a f e t y  and t h a t  m i g r a t i o n  o f  r a d i o a c t i v i t y  
from t h e  s i t e  i s  u n l i k e l y .  



1-10 


o 	 The waste must be i n  s o l i d  form be fo re  b u r i a l .  L i q u i d  waste must be 
s o l i d i f i e d  o r  immobi l ized t o  minimize t h e  p o t e n t i a l  f o r  m ig ra t i on .  

o 	 The b u r i a l  ground operator  must e s t a b l i s h  and conduct an environmental 
m o n i t o r i n g  program. To determine whether m i g r a t i o n  has occurred, 
operators  must e s t a b l i s h  a base l i ne  o f  r a d i o a c t i v i t y  t h a t  e x i s t s  i n  
t h e  environment be fo re  any waste was bur ied.  The mon i to r i ng  program 
must be cont inued t o  d e t e c t  r a d i o a c t i v i t y  increases beyond those 
o r i g i n a l  l e v e l s .  Increases must be repo r ted  t o  the  approp r ia te  
r e g u l a t o r y  agency, which then analyzes the  p o s s i b l e  s i g n i f i c a n c e .  

o 	 The packages i n  which wastes a re  t ranspor ted  must comply w i t h  appro
p r i a t e  fede ra l  standards. Packaging i s  designed t o  p rov ide  p r o t e c t i o n  
d u r i n g  t r a n s p o r t a t i o n  and handl ing.  Although packaging would p rov ide  
a pr imary b a r r i e r ,  t h e  packaging and f o r m  o f  t h e  waste were n o t  
r e l i e d  upon nor  expected t o  p rov ide  any s i g n i f i c a n t  waste containment 
a f t e r  b u r i a l .  The geology o f  t h e  s i t e  was s o l e l y  t o  be r e l i e d  upon 
f o r  containment. 

I n  t h e  l a t e  1960s and e a r l y  1970s d i f f i c u l t i e s  were encountered a t  some o f  t h e  
commercial and AEC s i t e s  r e l a t i n g  t o  management o f  p r e c i p i t a t i o n  c o l l e c t i n g  i n  
completed d isposal  t renches and re leases o f  small  concentrat ions o f  r a d i o a c t i v i t y .  
A t  t h e  commercial s i t e s ,  t h e  d i f f i c u l t i e s  were p r i n c i p a l l y  ev iden t  a t  t h e  
Maxey F l a t s ,  Kentucky and West Va l l ey ,  New York s i t e s .  The problems were 
predominately a t t r i b u t e d  t o  t h r e e  f a c t o r s :  (1) t h e  t rench  cap o r  cove r ing  
over  t h e  t rench  was o f  a h ighe r  p e r m e a b i l i t y  than the  surrounding s o i l  which 
a l lowed p r e c i p i t a t i o n  t o  e n t e r  and c o l l e c t  i n  t renches; (2) d isposal  t renches 
were completed when they conta ined apprec iab le q u a n t i t i e s  o f  ra inwa te r ;  and 
(3)  t h e  compressible, degradable, unstable nature o f  t h e  waste being b u r i e d  
l e d  t o  subsidence o f  t h e  t rench  cap c r e a t i n g  pathways f o r  p r e c i p i t a t i o n  t o  
r e a d i l y  e n t e r  t h e  trenches. These f a c t o r s  l e d  t o  t h e  f i l l i n g  of  t renches w i t h  
water and t o  small  re leases o f  r a d i o a c t i v i t y  through sur face and ground-water 
pathways. 

Studies and c o r r e c t i v e  ac t i ons  were i n i t i a t e d  a t  t h e  s i t e s .  Trenches were 
pumped t o  remove t h e  water, and t rench  leachates were t r e a t e d  through an 
evaporator a t  Maxey F l a t s  and a l i q u i d  waste t reatment  system a t  West Val ley.  
Measures were a l s o  taken t o  recap and s t a b i l i z e  t renches t o  reduce f u t u r e  
water i n f i l t r a t i o n .  Resul ts  o f  mon i to r i ng  programs and s tud ies  a t  t h e  s i t e s  
showed t h a t  a l though re leases o f  r a d i o a c t i v i t y  had occurred, they were low and 
presented no hazard t o  t h e  p u b l i c  h e a l t h  and s a f e t y  (Refs. 5 and 6). The 
p r imary  experience gained was t h a t  t h e  compressible, degradable, unstable 
na tu re  o f  t h e  waste disposed o f ,  coupled w i t h  s i t e  cond i t i ons ,  was lead ing  t o  
unstable s i t e  c o n d i t i o n s  r e q u i r i n g  act iwe maintenance f o r  u n c e r t a i n  pe r iods  o f  
time a t  h i g h  costs.  Funds be ing  c o l l e c t e d  f o r  pos topera t i ona l  a c t i v i t i e s  were 
a l s o  inadequate t o  cover t h e  p o t e n t i a l  long-term cos ts  i nvo l ved  ( p a r t i c u l a r l y  
t h e  long-term maintenance cos ts  invo lved)  i n  c a r i n g  f o r  t h e  s i t e s  over t h e  
l o n g  term. These s i t e s  a r e  p r e s e n t l y  c losed  and may r e q u i r e  cont inued a c t i v e  
maintenance f o r  many years t o  assure s t a b i l i t y .  
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S i m i l a r  problems were experienced a t  t h e  S h e f f i e l d ,  I l l i n o i s  s i t e  where compres

s i b l e  unstable wastes have c rea ted  an unstable s i t e  c o n d i t i o n  where s t a b i l i z a  

t i o n  a c t i o n  and p o t e n t i a l  long-term maintenance i s  requi red.  Funds c o l l e c t e d  

by t h e  s t a t e  f o r  t h i s  purpose have a l s o  proved i n s u f f i c i e n t  t o  cover t h e  

est imated costs .  Th i s  s i t e  i s  p r e s e n t l y  c losed and i s  t h e  sub jec t  o f  an ASLB 

hear ing rega rd ing  cond i t i ons  f o r  f i n a l  c losu re  o f  t h e  s i t e .  


Problems o f  a d i f f e r e n t  nature have occurred a t  t he  Beat ty ,  Nevada s i t e .  Over 

a p e r i o d  of several  years, employees removed conta iners and c e r t a i n  waste 

m a t e r i a l s  (e.g., contaminated t o o l s )  f o r  personal o f f s i t e  use. These m a t e r i a l s  

were removed from t h e  s i t e  i n  v i o l a t i o n  o f  f ede ra l  and s t a t e  r e g u l a t i o n s  and 

l i c e n s e  cond i t i ons .  Based on extens ive surveys by b o t h  fede ra l  and s t a t e  

personnel ,  no p u b l i c  h e a l t h  and s a f e t y  hazard was c rea ted  by t h e  i l l e g a l  

removal (Ref. 7). Th i s  i n c i d e n t  p o i n t e d  t o  t h e  need f o r  more a t t e n t i o n  t o  

s i t e  s e c u r i t y  and c o n t r o l s  i n  d isposal  f a c i l i t y  operat ions.  


More recen t  problems have invo lved  a l a c k  o f  a t t e n t i o n  t o  d e t a i l  on t h e  p a r t  

o f  many waste generators r e l a t i n g  t o  t h e  form and con ten t  o f  waste shipped for 

disposal  (Ref. 8). The shipment o f  l e a k i n g  and damaged packages and improper 

waste forms r e s u l t e d  i n  the  temporary shutdown o f  two o f  t h e  th ree  opera t i ng  

commercial s i t e s .  I n  a d d i t i o n ,  w i t h  t h e  shutdown i n  t h r e e  o f  t h e  opera t i ng  

s i t e s ,  an imbalance i n  t h e  reg iona l  d isposal  f a c i l i t y  capac i t y  has r e s u l t e d  

w i t h  most o f  t h e  waste being generated i n  t h e  eas t  and most o f  t he  d isposal  

capac i t y  l oca ted  i n  t h e  west. Several ac t i ons  have evolved i n  response t o  

t h i s .  The South Caro l i na  s i t e  i s  reducing the  average monthly volume o f  waste 

i t  w i l l  accept t o  t h e  average monthly volume rece ived  d u r i n g  1977 (100,000 ft3/ 

month) (Ref. 9). A v o t e r  i n i t i a t i v e  was passed i n  t h e  s t a t e  o f  Washington t o  

p r o h i b i t  t h e  r e c e i p t  o f  o u t - o f - s t a t e  waste (except i n s t i t u t i o n a l  waste) by 

J u l y  1981 unless a c t i o n  i s  taken t o  form a reg iona l  s t a t e  compact. Th is  

a c t i o n  was r e c e n t l y  . ru led u n c o n s t i t u t i o n a l  and thus unenforceable by t h e  U.S. 

D i s t r i c t  Court  i n  Washington (Ref. 10). Congress a l s o  r e c e n t l y  acted i n  t h i s  

area by passing t h e  "Low-Level Radioact ive Waste P o l i c y  Act"  (PL-96-573) which 

places t h e  r e s p o n s i b i l i t y  f o r  assurance o f  adequate LLW disposal  capac i t y  on 

t h e  s tates.  The law st resses the  reg iona l  s o l u t i o n  t o  adequate ILW disposal  

capaci ty .  


Also, i n  1976, an NRC Task Force was created t o  rev iew programs used by the  

NRC and s t a t e  governments t o  r e g u l a t e  d isposal  o f  commercial l ow- leve l  waste. 

A document e n t i t l e d  "NRC Task Force Report on Review o f  t h e  Federal /State 

Program f o r  Regulat ion o f  Commercial Low-Level Radioact ive Waste B u r i a l  Grounds" 

(NUREG-0217) was pub l i shed  i n  March 1977 (Ref. 4). I n  the  r e p o r t  t he  Task 

Force made a number o f  recommendations regard ing fede ra l  and s t a t e  r e g u l a t i o n  

o f  LLW disposal  and o t h e r  r e l a t e d  issues a f f e c t i n g  commercial b u r i a l  ground 

r e g u l a t i o n  and operat ion.  These recommendations i nc luded  development o f  a 

s p e c i f i c  r e g u l a t o r y  program f o r  l ow- leve l  waste d isposal  i n c l u d i n g  development 

o f  more comprehensive regu la t i ons ,  standards, and c r i t e r i a .  


I n  a d d i t i o n ,  beginn ing i n  1976, a s e r i e s  o f  r e p o r t s  were issued by t h e  General 

Accounting O f f i c e ,  t h e  J o i n t  Committee on Atomic Energy, and t h e  House Committee 

on Government Operations (Refs. 11, 12, 13, 14, and 15).  The conclusions o f  these 

r e p o r t s  were wide ranging, b u t  among t h e  most bas i c  was t h e  conclus ion t h a t  

t h e  e x i s t i n g  s i t e s  had been se lec ted  and l i c e n s e d  on an inadequate geologic  
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and hydrologic data base and in the absence of well-documented criteria for 
identification of a suitable waste disposal site. As a result, a number of 
the existing sites were experiencing undesirable operational problems, i .e. ,
cracking of trench covers, intrusion of precipitation and ground water, and 
subsequent releases of radioactivity to the environment. Moreover, in the 
absence of an improved data base on site characteristics and development of 
defensible standards and criteria for licensing, the reports noted that the 
selection of future waste disposal sites might well encounter the same types
of problems. 

In response to the Task Force and Congressional reports and identified need, 
the NRC staff subsequently developed a program plan for low-level waste manage
ment. Support for the development of such a program came not only from the 
Task Force and the aforementioned reports, but also from state and other 
federal agencies, industry, and public interest organizations. To formulate 
this program, the staff considered the Task Force recommendations; public 
comments on the Task Force Report; data gleaned from review of technical 
documents and participation in conferences and meetings, and discussions 
attended by industrial, state, and public organizations; and other corres
pondence and documents. A document describing the program entitled "NRC 
Low-Level Radioactive Waste Management Program" (NUREG-0240) was published in 
September 1977 (Ref. 16). This program is currently in progress and has 
resulted in technical studies to prepare a regulatory base; programs for 
development of regulations, regulatory guides, and licensing procedures; and 
this environmental impact statement. 

1.2.5 Description of the Proposed Action 


The proposed action being considered in this EIS is the issuance of a new 
regulation (Part 61) to the U.S. Nuclear Regulatory Commission (NRC) rules in 
Title 10, Code of Federal Regulations. Part 61 will provide licensing procedures,
performance objectives, and technical requirements for the issuance of licenses 
for the land disposal of low-level radioactive waste. Specifically, the 
proposed action includes consideration of requirements on the standards of 
performance that should be met in LLW disposal; technical requirements for the 
siting, design, operation, closure and postoperational activities for a near-
surface LLW disposal facility; technical requirements on waste form that waste 
generators would be required to meet for acceptance o f  waste at a disposal
facility; classification of waste; administrative and procedural requirements
for licensing a disposal facility; and provisions for adequate financial 
assurance. 

1.3 SCOPING FOR THIS EIS 

Scoping of an environmental impact statement is defined by the Council on 
Environmental Quality in 40 CFR Part 501.7 (Ref. 2) as ' I . .  .an early and open 
process for determining the scope of issues to be addressed and for identifying
the significant issues related to a proposed action." Although the concept of 
scoping is a relatively recent development for EISs, NRC has been conducting
scoping activities relative to the proposed,Part 61 and this E I S  since 1978. 
The activities constituting this process are discussed in the following para
graphs and include: 
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1. 	 P u b l i c  N o t i c e  o f  Development o f  a Radioact ive Waste Disposal 
C l a s s i f i c a t i o n  System (Ref. 17) 

2. 	 Advance No t i ce  o f  Proposed Rulemaking on t h e  LLW Disposal Regulat ion 
(10 CFR P a r t  61) (Ref. 18) 

3. 	 P u b l i c  Review and Comment on a P re l im ina ry  D r a f t  o f  10 CFR P a r t  61 
(Ref. 19) 

4. Regional Workshops on 10 CFR P a r t  61 (Refs. 20, 21, 22 and 23) 

I n  1974, t h e  Atomic Energy Commission (AEC) proposed t o  p r o h i b i t  t h e  d isposal  
o f  commercial ly generated t r a n s u r a n i c  (TRU) rad ionuc l i des  by shal low l a n d  
b u r i a l .  Upon rev iew o f  t h e  proposed r u l e  and t h e  comments rece ived  from 
i n t e r e s t e d  p a r t i e s ,  t h e  NRC s t a f f  i n i t i a t e d  development o f  r e g u l a t i o n s  which 
would govern t h e  c l a s s i f i c a t i o n  o f  a l l  r a d i o a c t i v e  wastes--not j u s t  
TRU-contaminated waste. 

The s t a f f  i n i t i a t e d  a study t o  develop an approach f o r  c l a s s i f i c a t i o n  o f  waste 
t o  he lp  p rov ide  i n p u t  i n t o  t h e  r e g u l a t i o n s  development e f f o r t  and environ
mental impact statement. Several documents have been pub l i shed  regard ing t h i s  
study. On August 18, 1978, NRC pub l i shed  a Federal Regis ter  n o t i c e  o f  "Develop
ment o f  a Radioact ive Waste Disposal C l a s s i f i c a t i o n  System'' (43 FR 36722). I n  
t h i s  no t i ce ,  t h e  Commission requested comments on a study r e p o r t  e n t i t l e d  " A  
System f o r  C l a s s i f y i n g  Radioact ive Waste Disposal--What Waste Goes Where?" 
(NUREG-0456) t o  guide t h e  f u r t h e r  development o f  a waste c l a s s i f i c a t i o n  metho
dology and t h e  complet ion o f  t h e  study. Comments were s p e c i f i c a l l y  requested 
i n  t h e  f o l l o w i n g  areas: t h e  o v e r a l l  approach; t h e  m i g r a t i o n  pathways and 
exposure mechanisms; t h e  exposure gu ide l i nes ;  and a p p l i c a t i o n s  o f  t h e  methodology. 

A summary o f  t h e  comments rece ived  by t h e  Commission i s  conta ined i n  Appendix C 
i n c l u d i n g  an ana lys i s  o f  t h e  comments as they  r e l a t e  t o  t h e  development o f  
P a r t  61. 

On October 25, 1978, NRC pub l i shed  i n  t h e  Federal Regis ter  an Advance No t i ce  
o f  Proposed Rulemaking (43 FR 49811) rega rd ing  t h e  development o f  s p e c i f i c  
r e g u l a t i o n s  f o r  t h e  d isposal  o f  LLW; a new P a r t  6 1  t o  T i t l e  10, Code o f  Federal 
Regulat ions. The Commission requested advice,  recommendations, and comments 
on t h e  scope and content  o f  t h e  r e g u l a t i o n s  and an environmental impact s t a t e 
ment ( E I S )  t h a t  would be prepared t o  guide and support  development o f  t h e  
regu la t i ons .  As a p a r t  o f  t h i s  Not ice,  NRC announced i t s  i n t e n t i o n  to :  

o 	 Develop t e c h n i c a l  requirements f o r  t h e  d isposal  o f  LLW by shal low 
1and b u r i  a1 and a1t e r n a t i  ve d i  sposal methods ; 

o Prepare a suppor t ing E I S  f o r  the r e g u l a t i o n ;  and 

o 	 Coordinate development o f  t e c h n i c a l  requirements f o r  shal low l a n d  
b u r i a l  and a1t e r n a t i v e  d isposal  methods w i t h  requirements f o r  t h e  
c l a s s i f i c a t i o n  o f  waste. 
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Formal comments rece ived  i n  response t o  t h e  Advance No t i ce  were p laced i n  t h e  
P u b l i c  Document Room o f  t h e  NRC as an o f f i c i a l  p a r t  o f  t h e  r e c o r d  f o r  t h i s  
P a r t  6 1  rulemaking proceeding (Docket No. PR61). D e t a i l s  o f  t h e  comments 
rece ived  are conta ined i n  Appendix C,  i n c l u d i n g  an a n a l y s i s  o f  comments 
rece ived  on each s p e c i f i c  quest ion o f  t he  Advance Not ice.  

I n  general ,  t h e  respondents t o  t h e  Advance N o t i c e  s t r o n g l y  supported NRC's 
development o f  s p e c i f i c  requirements f o r  t h e  d isposal  o f  l ow- leve l  waste. 
There was a l s o  support  among t h e  commenters t h a t  an o v e r a l l  E I S  should be 
prepared t o  p r o v i d e  an e s s e n t i a l  p a r t  o f  t h e  i n f o r m a t i o n  and d e c i s i o n a l  base 
f o r  t h e  development of t h e  requirements f o r  t h e  rulemaking ac t i on .  

I n  a d d i t i o n  t o  t h e  comments rece ived  by NRC on t h e  Advance Not ice,  NRC s t a f f  
a l s o  considered i n p u t  from t h e  f o l l o w i n g  o t h e r  sources i n  scoping t h e  content  
o f  t h i s  E I S .  

o 	 The r e s u l t s  o f  program s tud ies  and o t h e r  t e c h n i c a l  da ta  on LLW 
management and d isposal ;  

o 	 L icens ing  experience and c u r r e n t  LLW management techniques a t  
e x i s t i n g  d isposal  s i t e s ;  

o 	 I n p u t  from t h e  S ta te  Planning Counci l ,  Nat ional  Governors Associa
t i o n ,  Na t iona l  Counci l  o f  S ta te  Leg is la tu res  and Na t iona l  Conference 
o f  S ta te  Rad ia t i on  Contro l  Program D i r e c t o r s ;  

o 	 Programs o f  t h e  Environmental P r o t e c t i o n  Agency (EPA) t o  develop 
c r i t e r i a  and standards f o r  management o f  LLW and r e g u l a t i o n s  f o r  
d isposal  o f  nonradioact ive s o l i d  and chemical ly  hazardous wastes; 

o 	 Recommendations o f  t he  Interagency Review Group on Nuclear Waste 
Management; 

o A Na tu ra l  Resources Defense Counci l  (NRDC) P e t i t i o n  f o r  Rulemaking; 

o 	 Discussions w i t h  i n d u s t r y  and p u b l i c  i n t e r e s t g r o u p s ,  s t a t e  and 
fede ra l  agencies, and others.  

To h e l p  focus development o f  t h e  E I S  and p o s s i b l e  contents o f  such a new 
r e g u l a t i o n ,  NRC s t a f f  a l s o  prepared and w i d e l y  d i s t r i b u t e d  f o r  p u b l i c  rev iew 
and comment a p r e l i m i n a r y  d r a f t  P a r t  6 1  r e g u l a t i o n  dated November 5, 1979. 
The p r e l i m i n a r y  d r a f t  rece ived  wide d i s t r i b u t i o n  and copies were sen t  t o  t h e  
s ta tes ,  o t h e r  f e d e r a l  agencies, p u b l i c  i n t e r e s t  groups, t h e  i n d u s t r y ,  and 
others.  On February 28, 1980, NRC s t a f f  a l s o  pub l i shed  i n . t h e  Federal 
Reg is te r  a No t i ce  o f  A v a i l a b i l i t y  o f  t h e  P re l im ina ry  D r a f t  Regulat ion (Ref. 
24) 	 announcing a v a i l a b i l i t y  o f  t h e  d r a f t  f o r  p u b l i c  rev iew and comment t o  h e l p  
ensure wide d i s t r i b u t i o n  and e a r l y  p u b l i c  review, comment, and inpu t .  

Comments rece ived  by t h e  s t a f f  i n  response t o  t h e  No t i ce  o f  A v a i l a b i l i t y  have 
a l s o  been docketed and p laced  i n  t h e  Commission's P u b l i c  Document Room. 
O v e r a l l ,  t h e  comments g e n e r a l l y  agreed w i t h  t h e  need f o r ,  and approach and 
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general content  o f ,  t h e  p r e l i m i n a r y  d r a f t  regu la t i on .  A summary o f  t he  comments 

rece ived  by t h e  Commission i s  contained i n  Appendix C, i n c l u d i n g  an ana lys i s  

o f  comments rece ived  on each s e c t i o n  o f  t h e  p r e l i m i n a r y  d r a f t  o f  P a r t  61. A 

d e t a i l e d  l i s t i n g  o f  comments on s p e c i f i c  sect ions o f  t h e  p r e l i m i n a r y  d r a f t  o f  

P a r t  61, prepared by t h e  s t a f f  has a l s o  been p laced i n  t h e  P u b l i c  Document 

Room, PR 6 1  Docket F i l e .  


During t h e  summer and f a l l  o f  1980, NRC a l s o  con t rac ted  f o r  and h e l d  4 reg iona l  
workshops t o  p rov ide  an oppor tun i t y  f o r  open d ia logue between t h e  s ta tes ,  
p u b l i c  i n t e r e s t  groups, i n d u s t r y ,  and o the rs  on t h e  issues t h a t  needed t o  be 
addressed through t h e  P a r t  6 1  rulemaking process. One workshop was sponsored 
by t h e  Southern States Energy Board f o r  t h e  southeast reg ion,  a second by t h e  
Western I n t e r s t a t e  Energy Board f o r  t h e  west, a t h i r d  by t h e  Midwestern Regional 
O f f i c e  o f  t h e  Counci l  o f  S ta te  Governments f o r  t h e  c e n t r a l  and midwest, and a 
f o u r t h  by t h e  New England Regional Commission f o r  t h e  nor theast .  A copy of 
t h e  f u l l  t r a n s c r i p t  f o r  each meeting and a summary r e p o r t  documenting t h e  
c o l l e c t i v e  views o f  t h e  p a r t i c i p a n t s  has been entered i n t o  t h e  docket f o r  t h i s  
rulemaking and may also be examined a t  t h e  Commission's P u b l i c  Document Room. 
A t  these workshops, a range o f  i n s t i t u t i o n a l ,  o r g a n i z a t i o n a l ,  and t e c h n i c a l  
issues were discussed. I n s t i t u t i o n a l  issues such as l a n d  ownership, post-
ope ra t i ona l  care, i n s t i t u t i o n a l  c o n t r o l s ,  and f i n a n c i n g  were addressed. 
Considerat ion was also given t o  o rgan iza t i ona l  issues such as s t a t e  p a r t i c i p a 
t i o n  i n  NRC l i c e n s i n g  ac t i on ,  Federal-Agreement r e l a t i o n s ,  ass is tance t o  
non-Agreement States,  and reg iona l  s i t i n g .  Technical  issues t h a t  were examined 
inc luded:  performance ob jec t i ves ;  de minimis l e v e l s ;  waste c l a s s i f i c a t i o n ;  
nonradi o l  og i  c a l  hazards ; scope o f  regu l  a t o r y  guides and regu l  a t 1on; c r i t e r i a  
f o r  waste form; s o l i d i f i c a t i o n  o f  l i q u i d  wastes; volume reduct ion;  and s i t e  
c h a r a c t e r i z a t i o n .  I n  general ,  t h e  workshops recommended t h a t  NRC adopt formal 
r u l e s  t h a t  e s t a b l i s h  broad performance o b j e c t i v e s  and a d m i n i s t r a t i v e  procedures, 
and s e t  f o r t h  more s p e c i f i c  program c r i t e r i a  and d e t a i l s  i n  r e g u l a t o r y  guides. 
A summary o f  t h e  workshop f i n d i n g s  and ana lys i s  o f  t h e  f i n d i n g s  on each s p e c i f i c  
issue considered i s  conta ined i n  Appendix C. 

1.4 ISSUES ADDRESSED I N  THIS E I S  

Based on t h e  r e s u l t s  o f  NRC.ls scoping a c t i v i t i e s  ,and t h e  opera t i ng  experience 
o f  t h e  e x i s t i n g  s i t e s ,  t h e  f o l l o w i n g  issues were i d e n t i f i e d  as those t h a t  were 
germane t o  t h i s  rulemaking a c t i o n  and o f  most importance i n  p repar ing  t h i s  
E I S :  

1. 	 The s p e c i f i c  form and con ten t  o f  t he  requirements t o  be es tab l i shed  
and method t o  be a p p l i e d  i n  t h e i r  development. 

2. 	 The a l t e r n a t i v e  d isposal  methods which should be addressed i n  t h e  
r u l  emaki ng a c t i  on. 

3. 	 The need t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and s a f e t y  and environment 
d u r i n g  t h e  shor t - term opera t i ona l  phase and over t h e  l o n g  term 
r e l a t i n g  t o  p o t e n t i a l  long-term re leases t o  t h e  environment. 
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4. The need to protect the inadvertent intruder. 


5. The classification or  definition of LLW based on hazard potential. 


6. The need for adequate financial assurances in the disposal o f  LLW. 


7. 	 The need for long-term stability and predictability in disposal

sites. 


8.  The need to eliminate-long-term maintenance of disposal sites. 


9. 	 The NRC licensing process for waste disposal sites and the partidpa

tion of the states, public and indian tribes in NRC's  licensing 

process. 


10. 	 Long-term government land ownership and institutional control o f  

disposal sites. 
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Chapter 2 

DEVELOPMENT OF REGULATIONS FOR LLW DISPOSAL 

2.1 INTRODUCTION AND SUMMARY 

T h i s  chapter  reviews and resolves t h r e e  key issues i nvo l ved  i n  developing a 
new P a r t  6 1  r e g u l a t i o n .  The r e s o l u t i o n  o f  these issues prov ides t h e  bas i s  
upon which t h e  t e c h n i c a l  and o t h e r  requirements a re  developed. These issues 
are: 

1. 	 The type o f  requirements which should be developed and s e t  o u t  i n  
P a r t  6 1  ( i . e . ,  performance o b j e c t i v e  o r  p r e s c r i p t i v e  requirements). 
The p r e f e r r e d  a l t e r n a t i v e  approach being fo l l owed  by NRC i n  p repar ing  
these r e g u l a t i o n s  i s  t o  develop b o t h  o v e r a l l  performance o b j e c t i v e s  
t h a t  d e f i n e  acceptable s a f e t y  standards t h a t  should be achieved i n  
t h e  d isposal  o f  LLW, as w e l l  as minimum t e c h n i c a l  requirements t o  
c o n t r o l  several  key parameters impor tant  t o  assur ing t h a t  t h e  perform
ance o b j e c t i v e s  w i l l  be met. P r e s c r i p t i v e  requirements a re  es tab l i shed  
where poss ib le ;  

2. 	 The a l t e r n a t i v e  methods o f  d isposal  which should be addressed i n  
t h i s  rulemaking ac t i on .  Based on an a n a l y s i s  o f  a l t e r n a t i v e  d isposal  
methods, NRC p lans t o  address n o t  o n l y  shal low land  b u r i a l  b u t  a l s o  
t h e  f u l l  range o f  l a n d  d isposal  technology t h a t  can be a p p l i e d  near 
t h e  e a r t h ' s  sur face i n c l u d i n g  shal low l a n d  b u r i a l ,  deeper b u r i a l  and 
engineered designs; and 

3. 	 The methodology and approach t h a t  should be used t o  c l a s s i f y  LLW and 
t o  d i r e c t  p a r t i c u l a r  types and forms o f  waste t o  d isposal  methods 
which ensure t h e i r  safe d isposal .  Based on an a n a l y s i s  o f  a l t e r n a t i v e  
methods f o r  c l a s s i f y i n g  r a d i o a c t i v e  waste, NRC has f u r t h e r  developed 
and a p p l i e d  t h e  methodology p r e v i o u s l y  descr ibed i n  two NRC documents 
(NUREG-0456 (Ref. 1) and NUREG/CR-1005 (Ref. 2)) t o  c l a s s i f y  r a d i o a c t i v e  
waste based on t h e  requirements f o r  i t s  safe d isposal .  

2.2 PERFORMANCE OBJECTIVES VS PRESCRIPTIVE REQUIREMENTS 

In developing s p e c i f i c  r e g u l a t i o n s  f o r  LLW d isposa l ,  two bas i c  types o f  requ i re 
ments can be establ ished:  performance o b j e c t i v e s  and p r e s c r i p t i v e  requirements. 

A performance o b j e c t i v e  r e g u l a t i o n  would e s t a b l i s h  t h e  o v e r a l l  o b j e c t i v e s  t h a t  
should be achieved i n  t h e  d isposal  o f  LLW and leave f l e x i b i l i t y  i n  how t h e  
o b j e c t i v e s  would be achieved. The performance o b j e c t i v e s  would e s t a b l i s h  
general t e c h n i c a l  requirements on t h e  design and opera t i on  o f  an LLW disposal  
f a c i l i t y  and would i n c l u d e  a standard o r  standards t o  s p e c i f y  t h e  l e v e l  o f  
r a d i o l o g i c a l  hazard which should n o t  be exceeded a t  an LLW disposal  f a c i l i t y .  

A p r e s c r i p t i v e  r e g u l a t i o n  would s e t  o u t  s p e c i f i c  d e t a i l e d  requirements f o r  t h e  
design and opera t i on  o f  an LLW disposal  f a c i l i t y .  P r e s c r i p t i v e  standards would 
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specify the particular practices, designs, or methods which are to be employed--
for example, the thickness of  the cover material over a shallow land burial 
disposal trench, or the maximum slope of the trench walls. NRC considered 
three alternatives regarding the type of requirements which should be considered 
in Part 61: 

1. Development of performance objective requirements only; 


2. Development of prescriptive requirements only; and 


3.  Development of both performance objective and prescriptive requirements. 

2.2.1 Performance Objective 


Performance objective requirements, by their nature in establishing overall 
objectives, would allow maximum flexibility in the application of new technology
and innovative solutions to assuring safety in the disposal of LLW. They
would allow for a systems' type approach in that the performance of the "disposal
system" would be based on the combined interaction and effectiveness of the 
many factors or component parts of a disposal system. Positive and negative
characteristics can be balanced such that the performance of all characteristics 
in combination can be considered rather than just the characteristics of one 
element. This would allow for consideration of site-specific conditions and 
variation in the design, operation and characteristics of waste on a site 
specific basis. 

Performance objective requirements, however, require more effort and time in 
development as well as in licensing of specific facilities due t o  the large
number o f  factors that must be considered to determine compliance. In addition, 
it may not be totally clear to an applicant or interested person how to design
and operate a disposal facility to meet the general objectives. 

2.2.2 PrescriDtive Reauirements 


This approach would prescribe the specific methods, designs and practices
which should be applied in disposal. It requires a thorough understanding of 
all the potential methods, designs and practices that can be applied in the 
disposal of LLW. It also assumes that the state of the art in disposal technology 
i s  developed to the point where there are clear choices to be made among all 
the potential alternatives that could be used. -Itwould be easy for an applicant 
or licensee to demonstrate compliance with prescriptive requirements (and for 
NRC to license and inspect against them) since engineering limits are established 
which can be readily measured or calculated and the specific requirements for 
the design and operation of a LLW disposal facility would be clearly defined 
and readily apparent to an applicant or licensee. 

Prescriptive requirements would, however, tend to discourage use o f  new or 
creative solutions to waste disposal problems even though they might result in 
lower environmental impacts and monetary costs. Prescriptive requirements are 
difficult to derive and would need to be frequently revised as the type and 
form of waste changed and as technology advanced. Prescriptive requirements 
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would also tend t o  concentrate on the individual components of  a disposal 
system and would tend t o  t r e a t  a l l  wastes uniformly regardless o f  hazard 
potenti a1 . 

2.2.3 Performance Objective and Prescriptive Requirements 

This approach would involve the establishment of  overall objectives t o  define 
a level of safety for  LLW disposal and subsequent development of specif ic  
technical requirements t o  assure tha t  the overall performance objectives are 
met. This approach would allow fo r :  

1. 	 Increased f 1exi bi 1 i ty  i n determi ni ng the d i  sposal requi rements of 
par t icular-waste  streams; 

2.  	 Increased f l e x i b i l i t y  in accounting f o r  s i te -spec i f ic  environmental 
conditions ; 

3.  	 Increased a b i l i t y  t o  incorporate improvements in technology f o r  LLW 
forms, packagi ng and disposal ; 

4. 	 Specification of minimum technical and prescriptive requirements 
based on current understanding and known problems of the past ;  and 

5 .  	 More rapid future development of technical requirements for  a l te rna t ive  
di sposal methods. 

Finally,  t h i s  approach allows for  consideration of the individual components 
of  an LLW disposal system and t h e i r  contribution toward achievement of the 
overall performance objectives as well as consideration of the combined effec
tiveness of these components as a system. 

2.2.4 ComDarative Analvsis 

NRC believes tha t  development of a regulation using solely prescriptive require
ments o r  solely performance objectives would n o t  prove effect ive for  the 
future regulation of LLW disposal. Given the wide variation i n  the form and 
charac te r i s t ics  of waste.that has and will continue t o  be generated; given the 
wide range in potential s i t e  charac te r i s t ics  i n  various regions of the U . S . ;  
and given the f ac t  t h a t  technological innovation in waste disposal problems i s  
now receiving greater emphasis in finding improved solutions t o  LLW disposal 
problems, requirements of b o t h  types are  needed. Minimum performance objective 
standards are necessary t o  define the overall performance expected in LLW 
disposal,  whereas specif ic  m i n i m u m  technical requirements are necessary t o  
avoid recognized undesirable charac te r i s t ics  based on past  experience and 
current understanding. The a l te rna t ive  of establishing purely prescriptive
requirements could r e su l t  in a collection of ad hoc requirements w i t h o u t  a 
c lear  picture as t o  the overall effectiveness of such requirements. This 
could lead t o  a s i tua t ion  n o t  greatly d i f fe ren t  from the current s i tua t ion .  
Development of purely performance objective requirements, while workable, 
would n o t  allow for  establishment of more detai led prescriptive requirements
in those areas where specif ic  guidance i s  known t o  be needed. 
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I n  t h i s  rulemaking e f f o r t ,  NRC thus p lans t o  e s t a b l i s h  o v e r a l l  performance 
o b j e c t i v e s  o r  standards o f  performance t h a t  should be achieved i n  the  d isposal  
o f  LLW, minimum t e c h n i c a l  performance requirements t h a t  should be considered 
i n  a l l  cases i n  t h e  d isposal  o f  LLW and where poss ib le ,  d e t a i l e d  p r e s c r i p t i v e  
requirements. Subsequent t o  t h i s  rulemaking, NRC p lans t o  p u b l i s h  r e g u l a t o r y  
guides i n  t h e  areas o f  waste form, s i t e  s u i t a b i l i t y  and design and operat ions 
which w i l l  p r o v i d e  d e t a i l e d  p r e s c r i p t i v e  guidance. 

2.3 ALTERNATIVE DISPOSAL METHODS 

As a p a r t  of i t s  LLW program l e a d i n g  t o  development o f  t h i s  E I S  and LLW regula
t i o n ,  (Ref. 3) NRC conducted a s tudy o f  a l t e r n a t i v e  LLW disposal  methods t o  
h e l p  ensure t h a t  a l l  v i a b l e  d isposal  methods were considered and t h a t  t h e  
i n i t i a l  issuance o f  t he  r e g u l a t i o n  and subsequent amendments would be d i r e c t e d  
a t  and based on t h e  methods o f  d isposal  t h a t  would most l i k e l y  be used. The 
f i r s t  p a r t  o f  t h i s  study cons is ted  o f  an i n v e s t i g a t i o n  and screening o f  p o s s i b l e  
a l t e r n a t i v e  d isposal  methods and s e l e c t i o n  o f  those t h a t  appeared most v i a b l e  
and which should be evaluated f u r t h e r .  To he lp  assure completeness o f  t h e  
i n i t i a l  l i s t i n g  and adequacy o f  t h e  s e l e c t i o n  o f  v i a b l e  a l t e r n a t i v e s ,  a panel 
of t e c h n i c a l l y  competent i n d i v i d u a l s  o f  recognized waste management e x p e r t i s e  
was consul ted f o r  rev iew and guidance. The r e s u l t s  o f  t h i s  e f f o r t  were pub l i shed  
as NUREG/CR-0308 "Screening o f  A l t e r n a t i v e  Disposal Methods f o r  t h e  Disposal 
o f  Low-Level Radioact ive Waste" (Ref. 4). The second p a r t  o f  t h e  study i n v o l v e d  a 
f u r t h e r  e v a l u a t i o n  o f  those a l t e r n a t i v e s  se lec ted  as being most v i a b l e .  The 
a n a l y s i s  was gener ic  i n  nature and considered t e c h n i c a l ,  p o l i t i c a l  and economic 
f a c t o r s  i n  t h e  ana lys i s .  The r e s u l t s  o f  t h e  a n a l y s i s  were pub l i shed  as 
NUREG/CR-0680 "Evaluat ion o f  A l t e r n a t i v e  Methods f o r  t h e  Disposal  o f  Low-Level 
Radioact ive Wastes" (Ref. 5). 

On t h e  bas i s  o f  t h i s  ana lys i s ,  f i v e  d isposal  a l t e r n a t i v e s  were i d e n t i f i e d  as 
most promising. These included: 

1. Shallow l a n d  b u r i a l ;  
2. Deeper " in termediate"  depth b u r i  a1 ; 
3. Mined c a v i t y  d isposal  ; 
4. Engineered s t r u c t u r e s ;  and 
5. Ocean d isposal  (ocean dumping and sea-bed d isposal  w i t h  p r o j e c t i l e s ) .  

The study a l s o  concluded, t h a t  a l though f u r t h e r  s p e c i f i c  d e t a i l e d  ana lys i s  o f  
i n d i v j d u a l  d isposal  methods was needed, t h e  r e s u l t s  d id  n o t  i n d i c a t e  any 
compel l ing hea l th ,  s a f e t y  o r  environmental reason t o  abandon e x i s t i n g  d isposal  
methods (e.g., shal low l a n d  b u r i a l )  i n  p lace  o f  an e n t i r e l y  new method o f  
d isposal  such as mined c a v i t y  d isposal .  The d isposal  o f  r a d i o a c t i v e  waste i n  
o u t e r  space was considered t o  be n o t  developed t o  t h e  p o i n t  o f  t e c h n i c a l  and 
economical ly f e a s i b l e  use. 

I n  cons ide r ing  t h e  development o f  r e g u l a t i o n s  f o r  LLW disposal ,  NRC was thus 
faced w i t h  two bas i c  ca tegor ies  o f  a l t e r n a t i v e s :  Ocean d isposal  ( i n c l u d i n g  
ocean dumping and sea-bed p r o j e c t i l e s )  and l a n d  d isposal  ( i n v o l v i n g  b o t h  near 
sur face and deep d isposal  techniques). 
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Although ocean d isposal  had been used by the  U.S. p r e v i o u s l y  and i s  c u r r e n t l y  
be ing  used by t h e  Europeans, t h e  U.S. has n o t  p r a c t i c e d  ocean d isposal  
s ince 1970. There i s  some c u r r e n t  i n t e r e s t  i n  resuming ocean d isposal  
operat ions.  Under t h e  Marine P ro tec t i on ,  Research and Sanctuar ies Ac t  o f  
1972, t h e  Environmental P r o t e c t i o n  Agency has r e s p o n s i b i l i t y  and a program 
underway lead ing  t o  development o f  c r i t e r i a  and procedures f o r  i s s u i n g  permi ts  
f o r  sea d isposal  o f  LLW. I n  a d d i t i o n ,  d isposal  requirements f o r  ocean and 
l a n d  d isposal  may be s u f f i c i e n t l y  d i f f e r e n t  t h a t  they should be developed 
separate ly .  Pub l i c  comments i n  response t o  the  advance n o t i c e  of proposed 
rulemaking a l s o  expressed concern regard ing t h e  ocean d isposal  o f  LLW. NRC 
has, t he re fo re ,  concentrated i t s  r e g u l a t i o n s  development e f f o r t s  on l a n d  
d i  sposal methods. 

As noted e a r l i e r ,  l a n d  d isposal  methods l o g i c a l l y  d i v i d e  i n t o  t w o  subcategories: 
those t h a t  t ake  p lace  near t h e  e a r t h ' s  sur face and those t h a t  i n v o l v e  very 
deep d isposal .  Near sur face d isposal  encompasses t h e  f u l l  range i n  technology 
t h a t  can be a p p l i e d  i n  LLW disposal  near t h e  e a r t h ' s  surface: i . e . ,  shal low 
land  b u r i a l ,  deeper b u r i a l  (depths o f  15-20 meters) and t h e  use o f  engineered 
designs, b a r r i e r s  and o the r  concepts. This  E I S  and i n i t i a l  r e g u l a t i o n s  develop
ment e f f o r t  concentrates on l a n d  d isposal  requirements and s p e c i f i c  requirements 
t h a t  should be a p p l i e d  t o  assure s a f e t y  i n  t h e  d isposal  o f  LLW by near-surface 
d isposal  technology. It i s  i n  wide use today and the re  i s  no compel l ing h e a l t h  
and s a f e t y  reason t o  abandon near-surface d isposal  technology i n  p lace  o f  
something d i f f e r e n t .  S p e c i f i c  requirements f o r  methods o f  very deep d isposal  
such as deep mined c a v i t i e s  a re  n o t  considered i n  t h i s  E I S ,  b u t  w i l l  be 
addressed by NRC i n  a subsequent rulemaking e f f o r t .  I n  a d d i t i o n ,  t h e r e  a re  
o the r  s p e c i f i c  types o f  d isposal  methods such as hyd ro f rac tu re  and deep w e l l  
i n j e c t i o n  t h a t  have been success fu l l y  used. These methods a re  n o t  be ing 
s p e c i f i c a l l y  addressed i n  t h i s  E I S  s ince they w i l l  on l y  work w e l l  f o r  a very 
narrow range o f  waste types and r e q u i r e  s p e c i f i c  hydrogeological  media charac
t e r i s t i c s .  They w i l l  be d e a l t  w i t h  a t  a l a t e r  t ime. 

2.4 RADIOACTIVE WASTE DISPOSAL CLASSIFICATION 

I n  r e c o g n i t i o n  o f  t h e  wide range o f  p o t e n t i a l  hazards t h a t  may e x i s t  w i t h  
d i f f e r e n t  types and forms o f  LLW, NRC undertook a study t o  determine how 
va r ious  types and forms o f  LLW should be def ined,  c l a s s i f i e d  o r  c o n t r o l l e d  f o r  
purposes o f  waste d isposal .  As e a r l y  as 1974, t h e  AEC had proposed t o  p r o h i b i t  
t he  b u r i a l  o f  t ransu ran ic  (TRU) contaminated commercial waste (Ref. 6). I n  
t h e  proposed r u l e ,  a measurement s e n s i t i v i t y  l i m i t  o f  10 nanocuries TRU waste 
p e r  gram o f  m a t e r i a l  was proposed. M a t e r i a l  exceeding t h e  concen t ra t i on  
l i m i t ,  would have been consigned t o  r e t r i e v a b l e  storage f a c i l i t i e s  operated by 
t h e  fede ra l  government pending t h e  development o f  a f a c i l i t y  f o r  t h e  u l t i m a t e  
d i s p o s i t i o n  o f  t h e  waste. Several problems, however, i n  implementation of t he  
r u l e  were i d e n t i f i e d  by persons commenting on t h e  proposed r u l e ,  and t h e  r u l e  
was never adopted by t h e  AEC f o r  commercial waste. 

A t  t h e  same t ime,  t h e  s t a f f  recognized t h a t  t h e r e  were o the r  nuc l i des  and 
waste types t h a t  should be c o n t r o l l e d  i n  d isposal ,  as w e l l  as TRU contaminated 
waste, and i n i t i a t e d  a waste c l a s s i f i c a t i o n  study t o  d e f i n e  t h e  concentrat ions 
o f  i n d i v i d u a l  nuc l i des  and d isposal  requirements t h a t  should be a p p l i e d  t o  
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assure t h e i r  safe d isposal .  The study has d i v i d e d  i n t o  t h r e e  major p a r t s .  

The f i r s t  p a r t  i n v o l v e d  examination o f  a l t e r n a t i v e s  f o r  c l a s s i f y i n g  LLW and 

s e l e c t i o n  o f  a p r e f e r r e d  approach. This  p a r t  i s  descr ibed i n  t h e  r e p o r t  

"Determinat ion o f  a Radioact ive Waste C l a s s i f i c a t i o n  System," UCRL-52535 

(Ref .  7) .  The second p a r t  i n v o l v e d  development and a p p l i c a t i o n  o f  a methodology 

t o  c l a s s i f y  wastes f o l l o w i n g  the  p r e f e r r e d  approach selected. This  p a r t  i s  

descr ibed i n  t w o  r e p o r t s ,  "A  C l a s s i f i c a t i o n  System f o r  Radioact ive Waste 

Disposal--What Waste Goes Where?," NUREG-0456 (Ref .  1) and "A  Radioact ive 

Waste Disposal  C l a s s i f i c a t i o n  System," NUREG/GR-1005 (Ref .  2). The t h i r d  p a r t  

o f  t h e  study was c a r r i e d  o u t  as a p a r t  o f  t h i s  E I S  and invo lves  development o f  

a waste d isposal  c l a s s i f i c a t i o n  r e g u l a t i o n  and, a dec i s ion  bas i s  f o r  t h e  f i n a l  

c l a s s i f i c a t i o n  values. 


2.4.1 A l t e r n a t i v e  C l a s s i f i c a t i o n  Systems Examined 


There are two dominant aspects o f  LLW disposal  t h a t  must be considered i n  t h e  

development and a p p l i c a t i o n  o f  any waste c l a s s i f i c a t i o n  system: t h e  character 

i s t i c s  and p r o p e r t i e s  o f  LLW and the  performance c a p a b i l i t y  presented by 

a l t e r n a t i v e  d isposal  methods and v a r i a t i o n s  w i t h i n  each method. The character 

i s t i c s  o f  LLW p resen t  wide ranges i n  degrees of r a d i o l o g i c a l ,  chemical, b i o l o g i c a l  

and phys i ca l  hazards as w e l l  as i n  degrees o f  pe rs i s tence  o f  t h e  hazards. 

I n d i v i d u a l  d isposal  techniques a l so  p resen t  v a r y i n g  degrees o f  containment and 

i s o l a t i o n  c a p a b i l i t y .  Near sur face techniques, f o r  example, p lace  t h e  waste 

i n  an area t h a t  i s  r e a d i l y  access ib le  t o  man, w h i l e  o the rs ,  such as deep 

mines, present  g rea te r  d i f f i c u l t i e s  i n  a c c e s s i b i l i t y .  


Other cons ide ra t i ons  t h a t  needed t o  be addressed i n  t h e  c l a s s i f i c a t i o n  of LLW 

inc luded: 


1. 	 Any c l a s s i f i c a t i o n  system developed must be a p p l i c a b l e  t o  a l l  sources 
o f  waste and must p rov ide  a common bas is  f o r  a p p l i c a t i o n  by those 
generat ing t h e  waste as w e l l  as those d i spos ing  o f  t h e  waste. 

2. 	 It must p rov ide  a sound bas i s  f o r  determin ing the  c o n t r o l s  ( o r  
requirements) t h a t  must be p laced on t h e  d isposal  of  t h e  waste t o  
assure p r o t e c t i o n  o f  t h e  p u b l i c  h e a l t h  and s a f e t y  and environment 
and minimize the -need  f o r  long-term s o c i a l  commitment. 

3. 	 The system should be p r a c t i c a l  and implementable w i t h o u t  p l a c i n g  
undue burdens on those d i r e c t l y  a f f e c t e d  by it. 

NRC i n i t i a l l y  examined a number o f  e x i s t i n g  c l a s s i f i c a t i o n  systems f o r  rad io 
a c t i v e  waste t o  see i f  any cou ld  be u t i l i z e d  and app l i ed .  As a p a r t  o f  t h i s  
e f f o r t ,  ass is tance was a l s o  sought from rep resen ta t i ves  o f  i ndus t r y ,  government, 
t h e  p u b l i c ,  and research and educat ional  i n s t i t u t i o n s  through a t e c h n i c a l  
adv isory panel .  The panel a s s i s t e d  i n  e v a l u a t i n g  e x i s t i n g  c l a s s i f i c a t i o n  systems 
and i n  p r o v i d i n g  guidance t o  NRC i n  t h e  s e l e c t i o n  o f  an approach which NRC cou ld  
apply  i n  c l a s s i f y i n g  LLW. Some o f  t h e  systems examined inc luded  e x i s t i n g  
c l a s s i f i c a t i o n  systems such as: 
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The I n t e r n a t i o n a l  Atomic Energy Agency Radioact ive Waste Categories; 

The American I n s t i t u t e  o f  Chemical Engineers Radioact ive Waste 
Categories; 

The American Nat ional  Standards I n s t i t u t e  Radioact ive Waste Categories; 
and 

The Atomic Energy Commission Radioact ive Waste Management 
C1a s s i  f ic a t i  ons. 

Members o f  t h e  Technical Advi sory Panel a1so proposed f i v e  a d d i t i o n a l  c l  ass i  f i -
c a t i o n  systems t o  p rov ide  f u r t h e r  guidance and a l t e r n a t i v e s  f o r  cons iderat ion.  
These f i v e  systems and the  e x i s t i n g  systems considered a re  descr ibed i n  d e t a i l  
i n  t h e  r e p o r t  "Determinat ion o f  a Radioact ive Waste C l a s s i f i c a t i o n  System," 
UCRL-52535 (Ref. 7). 

2.4.2 P r e f e r r e d  System Selected 

Based on t h i s  study, t h e  e x i s t i n g  c l a s s i f i c a t i o n  systems genera l l y  f e l l  i n t o  
t h r e e  categor ies:  those based on t h e  source o r  generator o f  t he  waste (e.g. 
r e a c t o r  wastes, medical wastes, i n d u s t r i a l  wastes); those based on the  char
a c t e r i s t i c s  o f  t h e  waste (e.g., s o l i d ,  l i q u i d ,  gas) and those based on t h e  
method o f  d isposal  (e. g .  , shal low l a n d  b u r i a l ,  ocean dumping, deep geologica 
repos i to ry ) .  

C l a s s i f i c a t i o n  o f  waste based on t h e  "source o f  waste" was n o t  considered 
use fu l  s ince i t  would reveal  l i t t l e  about t h e  c h a r a c t e r i s t i c s  o f  waste and t h e  
requirements needed f o r  i t s  safe d isposal .  L ikewise t h e  c h a r a c t e r i s t i c s  and 
p r o p e r t i e s  o f  t h e  waste needed t o  be considered i n  developing a c l a s s i f i c a t i o n  
system b u t  n o t  t o  the  exc lus ion  o f  t h e  method t o  be used f o r  d isposal .  

It was concluded, t h e r e f o r e ,  t h a t  t h e  p r e f e r r e d  approach should be t o  develop 
a c l a s s i f i c a t i o n  system based on t h e  method or requirements t h a t  should be 
a p p l i e d  f o r  d isposal .  The requirements f o r  d isposal  cou ld  then be de f i ned  by 
t h e  waste c h a r a c t e r i s t i c s ,  t h e  containment and i s o l a t i o n  c a p a b i l i t i e s  o f  t h e  
method o f  d isposal  and t h e  s o c i a l  commitment c o n t r o l s  requ i red  t o  assure safe 
d isposal  o f  t h e  waste. 

A methodology t o  c l a s s i f y  waste based on t h i s  p r e f e r r e d  a l t e r n a t i v e  was sub
sequent ly developed and i s  repo r ted  i n  d e t a i l  i n  NUREGs-0456 and 1005 (Refs. 1 
and 2). The methodology developed i n v o l v e d  i d e n t i f y i n g  a s e t  o f  exposure 
events a t  model waste d isposal  f a c i l i t i e s ,  d e s c r i b i n g  p o t e n t i a l  r a d i o n u c l i d e  
t r a n s p o r t  t o  man, and then c a l c u l a t i n g  1i m i  t i n g  concentrat ions or i n v e n t o r i e s  
o f  rad ionuc l i des  i n  waste t h a t  may be p laced i n  t h e  model d isposal  s i t e s  t o  
ensure t h a t  s p e c i f i e d  dose gu ide l i nes  would n o t  be exceeded. The s e t  of 
p o t e n t i a l  exposure events t h a t  was considered i n  t h e  ana lys i s  i nc luded  events 
i n  which i n d i v i d u a l s  may come i n  con tac t  w i t h  t h e  waste ( e . g . ,  i n h a l a t i o n  o f  
dus t  by an i n t r u d e r  d i g g i n g  i n  t h e  waste a t  a f u t u r e  p o i n t  i n  t i m e )  and events 
i n  which t h e  waste r a d i o a c t i v i t y  was t ranspor ted  o f f s i t e  by water o r  a i r  
(e. g. , groundwater m i g r a t i o n  t o  a water resource pathway). P re l im ina ry  a c t i v i t y  
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concentrations or inventories of material were calculated that would assure 

that the doses to any potentially exposed individual or total population would 

not exceed proposed acceptable dose guidelines assumed for purposes of the 

study. This is the approach that NRC has followed in developing a classification 

system for LLW. The details are presented in Chapter 7. 


2.4.3 Other Issues Regarding Classification 


Two f i nal i ssues remain regarding classifi cation. One i nvolves classifying
radioactive waste on the basis of total hazard. The second involves establishment 
o f  a de minimis classification of wastes. Each is discussed below. 

2.4.3.1 Classification by Total Hazard 


Given the wide range in potential hazards presented by LLW (e.g. chemical,

biological, physical as well as radiological), NRC also initiated a study to 

examine chemical and other hazards associated with LLW and to examine if a 

quantitative method could be developed and applied for comparing radiological

hazards with chemical hazards (Ref. 8). Also, recently the draft document 

anaging Low-Level Radioactive Wastes: A Proposed Approach" (Ref. 9) suggests

that a classification system should be developed based on total hazard-chemical, 
biological and physical as well as radiological. Based on the study results 
and current technical abilities to characterize potential effects of bio
logically and chemically hazardous wastes and to make direct comparisons with 
potential radiological hazards, it i s  not technically feasible at this time to 
break down all the different hazards and to assign a hazard factor that represents 
some weighted index of hazard. 

Thus, NRC does not plan to address classification of waste by total hazard as 
part of  its classification of LLW. Disposal requirements will be determined 
based principally on radiotoxicity. NRC plans, however, through specific
requirements on waste form and content, to address associated potential chemical, 
biological and physical hazards. In general, the site and other requirements
being developed for radioactive waste should be adequate to cover other hazards. 

n some cases NRC is also taking specific action to eliminate or minimize 

potential chemical and biological hazards. A good example of this relates to 

the emphasis NRC has placed on the incineration of liquid scintillation fluids 

to destroy the organic solvents rather than continuing to utilize land disposal

(Ref. IO). 


Finally, as EPA develops its program o f  regulation for chemically hazardous 
waste, NRC will review EPA requirements for application at LLW disposal sites. 
The methodology and approach NRC is developing for classifying waste is suffi
ciently flexible that it should be able to accommodate any classification 
system �PA may develop for hazardous waste. 

2.4.3.2 De Minimis 


N R C  recognizes the need for a "de minimis" classification of wastes that would 
be exempt from Part 61 and would be considered of no regulatory concern. NRC 
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believes, however, as has been recommended by the Federal Radiation Policy . 

Council (Ref. 11), and supported by public comments in the scoping process

that such exemptions should be determined on a specific waste stream 

In t h i s  regard, a final rule was recently published that establishes 

exemption in a new $20.305 for tritium and carbon-14 not exceedin 

of 0.05 pCi/grn when contained in liquid scintillation cocktail an 

carcass waste (Ref. 12). Other waste streams may 

to t ~ e a ~ ~ e n t 
in this manner. Finally, as a part o 
program, authorization can be obtained to store very s h o r t  half-life 
for decay (generally for 10 half-lives) and to dispose of such waste as 
nonradioactive waste according to the other properties of  t h e  waste. Thus, 
through this EIS, NRC does not plan to establish a generic,”de minimis” c a t e  
for waste. 
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Chapter 3 

DESCRIPTION OF THE AFFECTED ENVIRONMENT AND APPROACH 
FOLLOWER IN PREPARING THIS E I S  

3.1 INT 0 UCTION 
_e 

The environment a f f e c t e d  o r  p o t e n t i a l l y  a f fected by t h e  generat ion,  t r a n s p o r t  
and d isposal  o f  LLW encompasses the  whole o f  soc iety .  It cons is t s  OB a l l  t he  
in d u s t r i  es p r i v a t e  in d i  v i  dual s, government agencies and 1abora to r ieshosgi t a l  s 
t h a t  generate LLW through the  use o f  r a d i o a c t i v e  m a t e r i a l s  as a normal p a r t  o f  
t h e i r  day-to-day a c t i v i t i e s  and func t i ons .  It cons is t s  o f  those i n v o l v e d  i n  
p r o v i d i n g  se rv i ces  such as supply ing packaging and waste process ing serv ices 
a t  waste generator f a c i l i t i e s  and t r a n s p o r t i n g  waste from waste generator t o  
d isposal  f a c i l i t i e s .  It c o n s i s t s  o f  those invo lved  i n  the ownership, ope ra t i on  
and long-term c o n t r o l  o f  t h e  d isposal  f a c i l i t i e s  and the  va r ious  r e g u l a t o r y  
agencies%suchas NRC, DOT and t h e  s t a t e  r a d i a t i o n  c o n t r o l  programs t h a t  l i c e n s e ,  
r e g u l a t e  and inspec t  a l l  phases t o  assure an adequate l e v e l  o f  safety .  It 
c o n s i s t s  o f  s o c i e t y ;  t he  i n d i v i d u a l s ,  small  p o p u l a t i o n  groups ( e . g . ,  r a d i a t i o n  
workers) and t h e  general p o p u l a t i o n  t h a t  can be p o t e n t i a l l y  a f f e c t e d  by the  
va r ious  a c t i v i t i e s  i nvo l ved  i n  the  generat ion and d isposal  o f  waste. F i n a l l y ,  
i t  cons is t s  o f  t h e  n a t u r a l  environment i n c l u d i n g  the  ground and sur face water, 
t he  atmosphere and va r ious  p l a n t  and animal species t h a t  would be a f f e c t e d  by 
s i  te-speci  f i c  a c t i  v i  ties 

The a f f e c t e d  environment f o r  a rulemaking i s ,  by nature,  q u i t e  d i f f e r e n t l y  
d i v i d e d  i n t o  d i r e c t  and i n d i r e c t  segments than t h e  a f f e c t e d  environment descr ibed 
f o r  a s p e c i f i c  f a c i l i t y  t h a t  might be proposed t o  be l icensed.  I n  t h e  case o f  
a rulemaking proceeding, t h e  environment exper ienc ing d i r e c t  impacts a re  those 
p a r t s  which may have t o  change t h e i r  way o f  c a r r y i n g  o u t  s p e c i f i c  a c t i v i t i e s  
o r  whose a c t i v i t i e s  would be i n f l u e n c e d  i f  a new r e g u l a t i o n  were d ~ ~ e l o ~ e ~ ~  
Inc luded  would be t h e  generators o f  waste, those p r o v i d i n g  serv ices,  t he  
r e g u l a t o r y  agencies, those owning and opera t i ng  d isposal  s i t e s ,  and s o c i e t y  as 
a whole. The p a r t s  o f  t h e  environment exper ienc ing i n d i r e c t  impacts would be 
t h e  n a t u r a l  environment w i th  respect  t o  t h e  impacts on ground water,  a i r ,  and 
p l a n t  and animal species due t o  a p p l i c a t i o n  o f  t h e  r u l e  a t  a s p e c i f i c  s i t e .  

I n  t h i s  E I S ,  NRC has concentrated on those segments o f  t h e  environment t h a t  
would experience t h e  g rea tes t  impacts; those generat ing and d isposing s f  t he  
waste, s o c i e t y  and t h e  n a t u r a l  environment t h a t  would be a f f e c t e d  by the 
costs ,  exposures and commitment o f  s o c i a l  and n a t u r a l  resources r e q u i r e d  t o  
p r o p e r l y  dispose o f  LLW. I n  ana lyz ing  the  impacts o f  d isposal ,  NRC d i v i d e d  
t h e  d isposal  process i n t o  t h r e e  p r i n c i p a l  phases: (1) generat ion i n v o l v i n g  
t h e  process ing o f  waste p r i o r  t o  d isposal  e i t h e r  a t  t he  p o i n t  o f  generat ion o r  
a t  a c e n t r a l  l o c a t i o n ,  (2) t r a n s p o r t a t i o n  o f  t h e  waste from the  p o i n t  o f  
generat ion t o  t h e  d isposal  l o c a t i o n ,  and (3) d isposal  of t he  waste. 

I n  the f o l l o w i n g  sect ions,  t h e  process NRC has fo l l owed  i n  t h i s  E I S  Lo 
cha rac te r i ze  and analyze t h e  a f f e c t e d  environment i n v o l v i n g  the  generat ion,  
t r a n s p o r t ,  and d isposal  o f  waste and t h e  impacts on each segment clue t o  
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development o f  a new P a r t  6 1  r u l e  i s  described. Sect ion 3.2 reviews the  
approach NRC has f o l l o w e d  i n  t h i s  E I S  l e a d i n g  t o  development o f  performance 
o b j e c t i v e s ,  t e c h n i c a l  and o the r  requirements t h a t  are be ing c o d i f i e d  through 
t h e  P a r t  6 1  rulemaking ac t i on .  Sect ion 3.3 exp la ins  how NRC developed a base 
of da ta  about LLW, methods o f  d isposal  and a c a l c u l a t i o n a l  methodology t o  
perform t h e  r e q u i r e d  analyses. Sect ion 3.4 deals w i t h  waste generat ion.  It 
descr ibes t h e  waste generators and exp la ins  how NRC has organized a base o f  
data about the  sources and c h a r a c t e r i s t i c s  o f  waste t o  p lace  i t  i n t o  a form 
and s i z e  t h a t  i s  manageable f o r  purposes o f  t h i s  E I S .  Sect ion 3.5 deals w i t h  
t r a n s p o r t a t i o n .  It descr ibes the  t ype  o f  packaging and t r a n s p o r t  veh ic les  
used, frequency o f  shipments, m i les  t r a v e l l e d ,  cos ts  and o the r  data. 
Sect ion 3.6 deals w i t h  d isposal .  It descr ibes t h e  d isposal  o f  waste as i t  has 
been c a r r i e d  o u t  through t h e  c h a r a c t e r i z a t i o n  o f  a re ference (base case) 
near-surface d isposal  f a c i l i t y .  Analys is  o f  t h e  d isposal  o f  waste a t  t h e  
re fe rence  f a c i l i t y  i s  performed i n  Chapters 4, 5, 6, and 7 and p rov ides  a base 
l i n e  l e v e l  o f  t h e  cos ts  and impacts presented by t h e  generat ion,  t r a n s p o r t ,  
and d isposal  o f  waste. I t  represents  t h e  "no a c t i o n "  a l t e r n a t i v e .  The 
incremental  changes t o  these base l i n e  cos ts  and impacts due t o  a p p l i c a t i o n  o f  
va r ious  a l t e r n a t i v e s  which would be implemented because o f  new requirements i n  
a new P a r t  6 1  r e g u l a t i o n  can then be evaluated l e a d i n g  t o  t h e  s e l e c t i o n  o f  
p r e f e r r e d  requirements. Sect ion 3.7 descr ibes t h e  va r ious  design and operat ions 
a l t e r n a t i v e s  analyzed i n  t h e  E I S .  Sect ion 3.8 descr ibes t h e  methodology 
developed t o  c a l c u l a t e  var ious impact measures and t h e  impact measures se lec ted  
f o r  use i n  t h i s  E I S  t o  cha rac te r i ze  t h e  costs ,  b e n e f i t s  and r a d i o l o g i c a l  
impacts of t h e  generat ion,  t r a n s p o r t ,  and d isposal  o f  LLW. The impact measures, 
which i nc lude  dose t o  members o f  t h e  p u b l i c ,  occupat ional  exposures, costs ,  
energy, and land  use, are a p p l i e d  t o  evaluate t h e  cos ts  and b e n e f i t s  o f  t h e  
var ious a l t e r n a t i v e s  analyzed i n  Chapters 4, 5, 6, and 7. The analyses i n  
Chapters 4, 5, 6, and 7 prov ide  t h e  bas i s  f o r  dec i s ions  on t h e  s p e c i f i c  
performance o b j e c t i v e s  and t e c h n i c a l  requirements t h a t  should be i nc luded  i n  
P a r t  61. A f t e r  s e l e c t i o n  o f  t h e  p r e f e r r e d  requirements, Chapter 10 analyzes 
t h e  t y p i c a l  unmi t i ga ted  cos ts  and impacts o f  a p p l i c a t i o n  of t h e  r u l e  t o  va r ious  
sectors  o f  s o c i e t y  and the  environment. 

3.2 APPROACH TO PREPARATION OF T H I S  E I S  

The performance o b j e c t i v e s  and t e c h n i c a l  requirements f o r  l ow- leve l  waste 
d i sposa l  a re  be ing  developed based on t h e  r e s u l t s  o f  t h e  analyses presented i n  
t h i s  E I S .  The analyses are t i e r e d  from t h e  gener ic  t o  t h e  s p e c i f i c .  F i r s t ,  
o v e r a l l  performance o b j e c t i v e s  are evaluated and p r e f e r r e d  o b j e c t i v e s  a re  
se lec ted  t o  d e f i n e  a l e v e l  o f  s a f e t y  and s o c i a l  commitment t h a t  should be 
achieved i n  t h e  d isposal  o f  LLW. Second, t e c h n i c a l  requirements f o r  t h e  
near-surface d isposal  o f  waste a re  evaluated based on t h e  performance 
o b j e c t i v e s  and p r e f e r r e d  requirements are se lected.  The performance 
o b j e c t i v e s  and t e c h n i c a l  requirements c o l l e c t i v e l y  e s t a b l i s h  a c l a s s i f i c a t i o n  
o f  waste f o r  near-surface d isposal  i n  t h a t  they d e f i n e  t h e  c o n t r o l s  which 
should be a p p l i e d  i n  t h e  near-surface d isposal  o f  waste (and which wastes are 
g e n e r a l l y  n o t  acceptable f o r  near-surface d isposal ) .  A d m i n i s t r a t i v e  and 
procedura l  requirements f o r  l i c e n s i n g  t h e  l a n d  d isposal  o f  LLW a re  evaluated 
and p r e f e r r e d  requirements se lected.  The need f o r  and p r o v i s i o n s  f o r  adequate 
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f i n a n c i a l  assurance f o r  c losure,  pos tc losu re  care and i n s t i t u t i o n a l  c o n t r o l  
a re  evaluated and p r e f e r r e d  requirements selected. F i n a l l y ,  t h e  unmi t igated 
impacts o f  a p p l i c a t i o n  o f  t he  p r e f e r r e d  requirements a re  analyzed through 
e v a l u a t i o n  o f  d isposal  o f  waste on a reg iona l  bas i s  i n  accordance w i t h  t h e  
p r e f e r r e d  requirements. 

3.2.1 Need f o r  Performance Object ives 

NRC i n i t i a l l y  planned t o  develop o n l y  t h e  t e c h n i c a l  requirements needed t o  
assure s a f e t y  and envimnmental  p r o t e c t i o n  i n  t h e  d isposal  o f  LLW. These 
requirements would have been de r i ved  from a cons ide ra t i on  o f  t h e  c u r r e n t l y  
es tab l i shed  l e v e l  o f  s a f e t y  and environmental p r o t e c t i o n  t h a t  should be 
achieved i n  LLW disposal .  I n  e v a l u a t i n g  t h e  l e v e l  o f  s a f e t y  which should be 
achieved, NRC i d e n t i f i e d  3 components t h a t  needed t o  be considered: 

I. 	 P r o t e c t i o n  o f  occupa t iona l l y  exposed workers and t h e  p u b l i c  d u r i n  
ope ra t i on  o f  t h e  f a c i l i t y ;  

2. Long-term environmental p r o t e c t i o n ;  and 

3. P r o t e c t i o n  o f  an i nadver ten t  i n t r u d e r .  

A l e v e l  o f  s a f e t y  has been es tab l i shed  f o r  occupa t iona l l y  exposed workers and 
p r o t e c t i o n  o f  t h e  p u b l i c  d u r i n g  opera t i on  o f  t h e  f a c i l i t y  and i s  s e t  o u t  i n  
t h e  e x i s t i n g  standards i n  10 CFR P a r t  20 which a p p l i e s  t o  t he  a c t i v i t i e s  o f  
a l l  NRC l icensees.  However, n e i t h e r  t h e  fede ra l  government nor  n a t i o n a l  an 
i n t e r n a t i o n a l  o rgan iza t i ons  have de f i ned  such a l e v e l  o f  s a f e t y  s p e c i f i c  t o  
t h e  d isposal  o f  LLW i n v o l v i n g  long-term environmental p r o t e c t i o n  and p r o t e c t i o n  
o f  an i n a d v e r t e n t  i n t r u d e r .  NRC thus had t o  a l s o  e s t a b l i s h  ~ @ r f o r ~ a n c eo b j e c t i v e s  
t o  d e f i n e  t h e  l e v e l  o f  s a f e t y  which should be achieved f o r  each of these i n  
d isposal .  Wi th  respect  t o  standards on long-term re leases t o  t h e  environment, 
t h e  Environmental P r o t e c t i o n  Agency i s  developing such standards through i t s  
o v e r a l l  program t o  develop g e n e r a l l y  a p p l i c a b l e  environmental standards; 
however, no standard f o r  LLW disposal  p r e s e n t l y  e x i s t s .  P r o t e c t i o n  o f  an 
i n a d v e r t e n t  i n t r u d e r  i s  a new concept, g e n e r a l l y  unique t o  d isposal  of  waste. 
There a r e  no e x i s t i n g  standards f o r  p r o t e c t i o n  o f  an i n a d v e r t e n t  i n t r u d e r .  I n  
a d d i t i o n ,  t h e r e  was a f o u r t h  component, g e n e r a l l y  unique t o  waste d isposal  
t h a t  a l s o  needed t o  be addressed; long-term s o c i a l  commitment. Future generat ions 
should n o t  be burdened w i t h  long-term expensive commitments t o  care f o r  wastes 
generated today, and t h e  development of requirements f o r  t h e  d isposal  o f  waste 
should take i n t o  account t h e  long-term commitment o f  s o c i a l  and n a t u r a l  resources 
t o  care f o r  waste over t h e  l o n g  term. Thus, i n  a d d i t i o n  t o  development o f  t h e  
t e c h n i c a l  requirements f o r  how waste should be disposed o f  t o  meet an acceptable 
de f i ned  l e v e l  of safety ,  NRC a l s o  had t o  develop and d e f i n e  such a l e v e l  o f  
s a f e t y  f o r  two areas-- long-term environmental re leases, and p r o t e c t i o n  o f  an 
i n a d v e r t e n t  i n t r u d e r .  (A l e v e l  o f  s a f e t y  f o r  shor t - term operat ions has a l ready 
been de f i ned  through 10 CFR P a r t  20.) NRC a l s o  had t o  consider  t h e  ' level o r  
degree o f  s o c i a l  commitment t h a t  should be a p p l i e d  i n  t h e  disposa l  o f  waste. 
These performance o b j e c t i v e s  would e s t a b l i s h  t h e  l e v e l  o f  s a f e t y  and environmental 
p r o t e c t i o n  t h a t  should n o t  g e n e r a l l y  be exceeded i n  t h e  d isposal  o f  LLW and 
t h e  soc i  a1 commitment r e q u i  r e d  i n  d isposal  . 



3-4 


3.2.2 Development of Performance Objectives, Technical and Other Requirements 

The approach NRC has fQllowed in the analyses of LLW disposal is to first 
analyze the generation and disposal of LLW as it has been carried out to see 
what the costs and impacts are. This analysis is termed the "base case" 
analysis and represents the "no action" alternative--i.e., no new requirements 
are developed and past practices continue. NRC next analyzes a range of 
modifications and improvements (alternatives to the base case) that could be 
applied with current technology and calculated the costs and impacts of such 
modifications and improvements. A range of alternative numerical performance
objectives for intrusion and long-term environmental protection are also 
evaluated. These analyses are then utilized to select performance objectives
for the intruder, environmental releases and social commitment. The preferred
numerical objectives are selected based on a comparative evaluation o f  costs 
and benefits, are achievable today with existing technology and require some 
increased cost and effort. The objectives selected define an improved level 
of safety and environmental protection and reduced degree of long-term social 
commitment than that expected from past operations. 

The analyses also identified three key aspects that are o f  most significance
in ensuring long-term safety and environmental protection and in minimizing
the degree of social commitment in the near-surface disposal of waste. These 
are: long-term stability of the disposal site; liquids in waste and the 
contact of water with waste both during operations and after closure; and 
institutional and other controls to reduce the likelihood of inadvertent 
intrusion. These three key aspects are then translated into technical require
ments that must be applied in the near-surface disposal of waste. These 
requirements are applied t o  the four principal and readily identifiable 
components of a disposal system: site characteristics, site design and 
operations, waste form and packaging, and institutional control. 

In analyzing past practices at the existing sites, only natural characteristics 

of the disposal site environment had been principally relied upon to provide

confinement of the waste over the long term. The experiences at several of 

the existing sites have shown the need to consider several components

collectively--a series of "multiple barriers"--rather than relying principally 

on just one component (i.e6, the site). 


This concept can be carried to an extreme such that each component of the 
system i s  designed so that it will guarantee success regardless of the 
performance o f  the other components. NRC has not followed this approach but 
has set levels of performance for each component, so that when considered 
individually, each will provide a degree of assurance and when considered 
colTectively will provide a high level of assurance that the performance
objectives will be met over the long term. 

The following components collectively encompass the LLW disposal system and 
were specifically addressed in the development of technical criteria: 

1. 	 Site Characteristics - The geohydrological, geomorphological,
climatoloaical and other natural characteristics o f  the site on 
which the-disposal facility is located. 
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2. 	 Design and Operations - The methods by which the site is utilized, 
the disposal facility design, the methods of waste emplacement, and 
closure o f  the site. 

3.  	 Waste Form and Packaging - The characteristics of the waste and its 
packaging. 

4. 	 Institutional Controls - The actions, including assurance of adequate
financial resources, which involve a government agency maintaining
surveillance, monitoring, and control over access and utilization of 
the site after closure. 

NRC next analyzed a range of specific alternatives that could be used in 
near-surface disposal to help ensure long-term stability, reduce water contact 
with waste, and reduce the potential for inadvertent intrusion. In some 
cases, based on the alternatives analysis and past known experience at the 
existing sites, a specific prescriptive requirement was selected and applied.
For example, with respect to the use of active institutional controls to 
prevent inadvertent intrusion, NRC analyzed a range of alternative Ljme periods
for such controls (from 50-300years) and selected 100 years as the preferred
time upon which reliance should be placed on such controls. In a second case, 
placing certain higher activity wastes into a stable waste form, RC evaluated 
a range of alternatives (including waste processing, use of conta 
facility design) but selected no preferred alternative. In this case, each 
alternative presented an equivalent degree of long-term stability at a range
of costs depending upon the particular type and volume of waste and %he 
individual capabilities of the waste generator. No specific ~ ~ e ~ c r i ~ ~ i v e  
requirement was selected to allow maximum flexibility in meeting the objective, 
to allow for individual preferences and capabilities and to allow for individual 
cost-benefit determinations. The performance objectives and technical require
ments selected also collectively establish a definition or classif 
waste for near-surface disposal in that they define the controls w 
be applied in the disposal of waste at a near-surface disposal facility (and
also define which wastes are generally not acceptable for near-surface disposal). 
NRC considered'some a1ternatives for setting out the classification s ~ s t @ ~and 
selected the alternative,of establishing concentration limits for individual 
nuclides in wastes that generators and disposal site operators could  readily
apply in determining the classification of a particular waste and the particular
controls that should be applied in the disposal o f  that waste. 

As a part of the development of the minimum technical r e ~ ~ ~ r e ~ ~ ~ t ~ ~  

analyzed the need for financial assurance to cover t e cost for closure and 

postclosure surveillance, monitoring and care. A range of alternatives was 

reviewed and requirements were developed from the prePerred a l L e r ~ a ~ i ~es 
to 
ensure adequate financial assurance in the disposal of LLW. The results of 
the base case "no action" and alternatives analyses are set out in Chapters 4-6. 
The classification of waste for near-surface disposal is set o u t  i n  Chapter 7. 
Financial assurance is addressed in Chapter 9. 

Finally as part of development o f  the technical requirements,
the existing administrative and procedural requirements that are applied by 
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NRC in t h e  l icensing of  LLW disposal f a c i l i t i e s  including procedures for  
par t fc ipatfon by s t a t e s  and others i n  the NRC licensing process. Alternatives 
for  improvement were analyzed and preferred a l te rna t ive  changes t o  these 
procedural requirements were selected. The resu l t s  of t h i s  analysis are  s e t  
out i n  Chapter 8. 

3.2.3 Fodlfication o f  Requirements into a Few Pa r t . 61  Rule 

The performance objectives,  technical and other requirements developed through
the analyses presented i n  Chapters 4-9 col lect ively form the basis fo r  t h e  new 
requirements t o  be codified through the Part 61. rulemaking actions. The 
requirements developed seemed t o  f a l l  i n t o  one of three categories: (1)
requirements which were a codification of exis t ing practice, ( 2 )  requirements
which  represented an Smprovement o r  deviation from exis t ing practice,  and (3)  
requirements w h i c h  seemed t o  f a l l  into both categories (1) (2)-e.g. , a practice 
t h a t  may only currently be applied a t  one s i t e .  For those requirements which  
codified exis t ing pract ice ,  no cost-benefit  evaluation was carr ied out since 
they represent current s ta te-of- the-ar t  and are  ref lected i n  the base case 
analysis.  For these,  the cost  of complying w i t h  the requirement was considered 
and included i n  the base case cost  data and the impacts ref lected i n  the 
impacts for  the base case analysis.  Requirements in Category 2 t h a t  represented 
improvements o r  modifications were subjected t o  cost-benefit evaluation i n  
terms of the incremental cost  increase over the base case and the resul tant  
change (increase or decrease) i n  impacts resul t ing from application o f  the new 
requirement. For those i n  catagary ( 3 ) ,  s t a f f  judgment was applied i n  placing 
the requirement into e i the r  category (1) or (2). 

?he results of the analyses presented i n  Chapters 4-9 indicate t h a t  w i t h  
modest increases i n  cost  re la t ing  t o  improving t h e  form and properties of 
waste shipped fo r  disposal and modest improvements i n  the design and operation
of a near-surface disposal f a c i l i t y  (many of which are  being used at; some of 
the exis t ing sites today) the potential  health,  safety,  and environmental 
impacts from disposal o f  LLW and the degree of long-term social  commitment can 
be greatly reduced. The a b i l i t y  t o  predict  the long-term performance and 
Smpacts OP near-surface disposal f a c i l i t i e s  i s  a lso great ly  improved and the 
uncertain and high costs  required t o  care  fo r  disposal s i t e s  over the long 
term are  reduced. Stated simply-*we can put some modest fncreased e f f o r t  and 
cost  in to  the disposal o f  LLW today leading t o  reduction i n  potential  impacts, 
reduction In long-term care costs  and increased confidence i n  the performance 
capabi l i ty  of near-sufface disposal f a c i l i t i e s .  Or, we can continue as we 
have i n  the past  possibly leading t o  s i tua t ions  as has been evidenced a t  some 
exis t ing s i t e s  where t h e  potentia7 impacts over the long term may be high, the 
cas t s  for  long-term care high, and confidence i n  t h e  long-term performance 
low. The proper course of action i s  the former and the performance objectives,
technical,  and other procedural requirements selected a re  s e t  out i n  a new 
Part  6 1  regulation and i n  amendments t o  exis t ing par ts  o f  NRC’s regulations. 

3+2.4 ynmitigated Impacts of Implementing Part  6’1 

Finally,  as a pa r t  of t h i s  EIS, NRC has also conducted an analysis of the 
preferred requirements t o  be included i n  the new Part  61 rule  t o  be t te r  judge 
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their applicability to the wide range in site and waste characteristics 
expected through regional disposal of LLW and to better judge the overall 
impacts crf implementation of the rule. This analysis involves application of 
the requirements at several regionally located sites where the waste generated
within each region is shipped for disposal. Each of the disposal facilities 
is sited, designed, and operated in compliance with the preferred requfrements
accounting for regional differences and variations that might be expected.
The results ~f this analys'is are set 5ut in Chapter 10. 

3 . 3  DEVELOPMENTOF DATA BASES FOR THE ANALYSES 

To perform the base case and alternatives analyses, NRC developed a base of 
information and data about the affected environment and LLW disposal-who 
generates the waste; how is it processed, packaged, and shipped for disposal;
how is it disposed of today; and what kinds of modifications and improvements 
can be made to existing practices and at what cost. In addition, NRC developed 
a methodology to calculate the costs and impacts of var ious  combinations of 
site features, waste characteristics, designs, operating procedures, closure 
and long-term care conditions. 

The data was divided into 5 major portions as follows: 

o 	 Information on the sources, characteristics, treatment and packaging
of LLW. (Set out in Appendix 0) 

o 	 Information on the siting, design, operation, closure and long-term 
care o f  a reference LLW disposal facility. (Set out in Appendix E) 

o 	 Information on possible technological improvements and variations 
that could be applied to near-surface disposal technology. (Set out 
in Appendix f )  

o 	 Informatian on assuring adequate financial resources and arrangements
for site operations, closure and long-term care. (Set out in Appendix K) 

o 	 Information on administrative and procedural considerations that 

should be applied in licensing a near-surface disposal facility.

(Set out in Chapter 8) 


A description of the methodology developed to calculate the costs and impacts
for disposal is set out in Appendices G and H. 

The application and use of these data bases in this EIS and their interrelation
ship is described below including the major assumptions made and method of 
analysis used. Each is described in greater specific detail in the referenced 
appendices. 

As noted earlier, the data has been developed and analyzed according to three 
major phases: generation o f  the waste (described in Section 3.41, transport 
o f  the waste (described in Section 3.51, a.nd final disposal (described in 
Section 3.6). 
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3 .4  WASTE GENERATION 

This  s e c t i o n  descr ibes t h e  a f f e c t e d  environment made up o f  those generat ing 
LLW. It inc ludes the  i n d u s t r i e s ,  h o s p i t a l s ,  co l l eges ,  and others who generate 
LLW; t h e  p h y s i c a l ,  chemical, r a d i o l o g i c a l ,  and o the r  c h a r a c t e r i s t i c s  o f  t h e  
wastes as i t  i s  generated; t h e  volume o f  t h e  waste as i t  i s  generated; changes 
i n  waste c h a r a c t e r i s t i c s  due t o  t reatment  o r  process ing o f  t h e  waste; t h e  
packaging used f o r  t r a n s p o r t  and d i sposa l ;  and t h e  occupat ional  exposures, 
p o p u l a t i o n  exposures, costs  and energy used f o r  processing, packaging and 
handl ing o f  the waste a t  t he  p o i n t  o f  generat ion.  

3 . 4 . 1  Waste Generators 

LLW i s  generated by more than 20,000 NRC and Agreement S ta te  l icensees 

throughout t h e  country  and by a number o f  government operat ions,  p a r t i c u l a r l y  

Department o f  Energy (DOE) f a c i l i t i e s .  Whi le some DOE wastes were p r e v i o u s l y  

disposed o f  a t  commercial d isposal  f a c i l i t i e s ,  a l l  DO� wastes are now disposed 

o f  a t  DOE owned and operated f a c i l i t i e s  which a re  n o t  sub jec t  t o  NRC o r  

Agreement S ta te  l i c e n s i n g  a u t h o r i t y .  Such wastes are thus no t  addressed i n  

t h i s  E I S .  The waste addressed i n  t h i s  E I S  i s  generated by a wide v a r i e t y  o f  

l i c e n s e d  programs i n c l u d i n g  f u e l  c y c l e  f a c i l i t i e s  such as nuc lear  power reac to rs ,  

r e a c t o r  f u e l  f a b r i c a t i o n  p l a n t s  and uranium h e x a f l u o r i d e  conversion p l a n t s .  

Other wastes a re  generated by a number o f  nonfuel  c y c l e  f a c i l i t i e s  i n c l u d i n g  

h o s p i t a l s ,  medical research i n s t i t u t i o n s ,  co l l eges  and u n i v e r s i t i e s ,  i n d u s t r i a l  

research l abs ,  government labs,  f a c i l i t i e s  i n v o l v e d  i n  the  p roduc t i on  o f  

radiopharmaceut icals,  and o the r  i n d u s t r i a l  uses o f  r a d i o a c t i v e  m a t e r i a l s .  


3.4.2 D e s c r i p t i o n  o f  t h e  Waste as Generated 

I n  general ,  t h e  waste i s  very  d i ve rse  i n  terms o f  volume, a c t i v i t y ,  and 
c h a r a c t e r i s t i c s .  It e s s e n t i a l l y  inc ludes eve ry th ing  t h a t  i s  d iscarded as 
waste and ranges f r o m  t r a s h  t h a t  i s  o n l y  suspected o f  be ing contaminated t o  
h i g h l y  r a d i o a c t i v e  a c t i v a t e d  s t r u c t u r a l  components from nuclear  power reac to rs .  
C u r r e n t l y  about 85,000 m3 (3 m i l l i o n  ft3) o f  commercial h i s  generated 
annual ly  t h a t  ranges i n  a c t i v i t y  from hundreds t o  thousan o f  c u r i e s  pe r  
cubic  m e t e r  t o  l e s s  than a f e w  m ic rocu r ies  pe r  cubic  meter. 
a c t i v i t y  disposed o f  a t  t h e  commercial s i t e s  i s  contained i n  a r e l a t i v e l y  
small  volume o f  waste and i s  generated by l ess  than 100 l i censees.  The form 
o f  t h e  waste generated can be s o l i d ,  l i q u i d ,  o r  gaseous. It can c o n s i s t  o f  a 
wide range o f  chemical forms and can be shipped i n  number o f  d i f f e r e n t  types 
o f  packages. Based on p r o j e c t i o n s  o f  LLW volume prepared by NRC f o r  t h e  bas i c  
waste streams considered i n  t h i s  EIS, about 3.62 m i l l i o n  m3 (128 m i l l i o n  ft3) 
w i l l  be generated d u r i n g  t h e  p e r i o d  1980-2000. O f  t h i s ,  about 65% o f  t h e  
waste w i l l  be generated by fue l  c y c l e  sources and 35% by nonfuel c y c l e  sources. 
I n s t i t u t i o n a l  generators w i l l  account f o r  about 19% o f  t h e  nonfuel  c y c l e  
sources. 

3.4.2.1 Fuel Cycle F a c i l i t i e s  

The LLW produced by commercial nuc lear  power p l a n t s  can be d i v i d e d  i n t o  s i x  
bas i c  categor ies:  i o n  exchan e r e s i n s ,  concentrated l i q u i d s ,  f i l t e r  sludges, 
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compactible trash, noncompactible trash and nonfuel irradiated reactor 
components. Ion exchange resins are used in reactors to remove dissolved 
radioactivity from liquid streams. When spent, they are exchanged and the 
spent resins are placed into a shipping container (usually referred as a 
liner) where excess water is removed (dewatering) prior to transfer to a 
disposal site. In some cases the spent resins may be solidified with binders 
such as cement or urea-formaldehyde. Resin waste in shipping containers is 
usually transported in a cask or overpack that is shielded for radiation 
protection purposes. Concentrated liquid waste is produced by the evaporation
of a wide variety of reactor liquid streams. These concentrated liquids are 
solidified in various materials such as cement, placed in a shipping container, 
and shipped to a disposal site. Filter sludge is waste produced by precoat
filters and consists o f  powdered filter material. It is used to remove 
suspended and dissolved material from liquid streams. Filter sludge waste is 
generally dewatered and placed into a container for disposal. Compactible
and noncompactible trash consists of everything from paper towels, plastic,
and glassware to metallic components such as pipes and contaminated tools. 
Nonfuel irradiated components consist of fukl channels, control rods, and 
in-core instrumentation that has been exposed to in-core neutron flux. 

Other nonfuel cycle waste streams include process waste and trash from uranium 

hexafluoride and fuel fabrication plants. This can include calcium fluoride 

generated in hydrogen fluoride gas scrubbers, filter sludges and paper, plastic,

equipment and other trash. These are generally packaged in 55 gallon drums or 

larger containers and shipped for disposal. 


3.4.2.2 Nonfuel Cycle Facilities 


Institutional waste generators include colleges and universities, medical 
schools, medical research facilities, private physicians and hospitals. These 
institutions use radioactive materials in many diverse applications including
analytical instruments, diagnosis and therapy, research and instruction. The 
type o f  waste generated generally falls into six groups: liquid scintillation 
vials, liquids, biological wastes, trash, accelerator targets and sealed 
sources. Liquid scintillation vials are generally made of glass and contain 
organic solvents and small amounts of radioactivity. They are ususally
packaged in 55-gallon drums with absorbent material for disposal. Absorbed 
liquids consist of organic and aqueous liquids generated by various prepar
atory and analytical procedures involving radioactive material. They are 
absorbed on media such as diatomaceous earth and packaged in 5.5-gallon or 
smaller drums. Biological wastes consists o f  animal carcasses, tissues and 
culture media used in research programs. It is usually treated with lime and 
packaged in 55-gallon drums for disposal. Institutional trash consists mostly
of paper, rubber, plastic, broken labware and disposable syringes. Sealed 
sources consist of radioactive material that has been encapsulated to contain 
and prevent leakage of the material. Sealed sources are packaged in a shielded 
container for transport and are sometimes disposed of in toner tubes or caissons 
backfilled with concrete. 

Industrial waste generators include firms engaged in the production of radio

isotopes for medical, research and industrial applications; industrial research 
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and development a c t i v i t i e s ;  manufactur ing and d i s t r i b u t i o n  o f  products  c o n t a i n i n g  
r a d i o a c t i v e  m a t e r i a l ;  and uses i n  q u a l i t y  c o n t r o l  and manufactur ing processes. 
The uses o f  r a d i o a c t i v e  m a t e r i a l s  and r e s u l t i n g  wastes produced a r e  d i ve rse  
and can c o n s i s t  o f :  sealed sources, compact ib le and noncompactible t rash ,  
r a d i o i s o t o p e  p roduc t i on  wastes, and a range of b i o l o g i c a l ,  s c i n t i l l a t i o n  and 
absorbed l i q u i d s  s i m i l i a r  t o  those generated by medical and educat ional  
i n s t i t u t i o n s .  

3.4.3 C h a r a c t e r i z a t i o n  o f  LLW f o r  Purposes o f  Analys is  

Given t h e  l a r g e  number o f  i n d i v i d u a l  waste generators and d i ve rse  na tu re  o f  
t h e  waste generated, coupled w i t h  changes t h a t  can be made i n  t h e  form o f  t he  
waste due t o  process ing and t h e  number o f  d i f f e r e n t  types o f  packaging t h a t  
can be used, an i n f i n i t e  number o f  v a r i a t i o n s  are poss ib le .  All such v a r i a t i o n s  
cannot be analyzed. To cha rac te r i ze  such a wide d i v e r s i t y  i n  p o s s i b l e  waste 
streams and t o  bound t h e  v a r i a t i o n s  t h a t  might  be expected, NRC analyzed 
c u r r e n t l y  a v a i l a b l e  i n f o r m a t i o n  about t h e  sources, f o r m ,  content  and character
i s t i c s  o f  waste. The data base developed, based on t h i s  ana lys i s ,  c o n s i s t s  o f  
a p r o j e c t i o n  o f  t h e  volume and p h y s i c a l ,  chemical, and r a d i o l o g i c a l  character
i s t i c s  o f  waste t o  be r o u t i n e l y - generated d u r i n g  t h e  p e r i o d  1980 t o  the year 
2000 * 

3.4.3.1 Waste Stream Charac te r i za t i on  

Based on t h e  a n a l y s i s  NRC was able t o  group t h e  major types o f  wastes generated 
i n t o  36 i n d i v i d u a l  waste streams. The 36 streams a re  summarized i n  Table 3.1. 
The streams c h a r a c t e r i z e  the  wastes t h a t  a re  p r e s e n t l y  be ing r o u t i n e l y  generated 
o r  a re  expected t o  be r o u t i n e l y  generated i n  t h e  fu tu re .  The major waste 
generators analyzed inc luded  nuc lear  f u e l  c y c l e  f a c i l i t i e s  such as nuc lear  
power, f u e l  f a b r i c a t i o n  and uranium hexaf luor ide conversion p l a n t s ,  and 
nonnuclear fue l  c y c l e  sources such as h o s p i t a l s ,  co l l eges ,  research l abs ,  
medical i so tope  p roduc t i on  f a c i l i t i e s ,  and i n d u s t r i a l  f a c i l i t i e s .  Each waste 
stream represents  a p a r t i c u l a r  type of waste generated by a p a r t i c u l a r  type o f  
waste generator hav ing p a r t i c u l a r  p h y s i c a l ,  chemical, r a d i o l o g i c a l ,  and o the r  
c h a r a c t e r i s t i c s  unique t o  t h a t  i n d i v i d u a l  stream. ( F o r  example, one stream i s  
i o n  exchange r e s i n s ,  generated by b o i l i n g  water r e a c t o r s  which con ta ins  concentra
t i o n s  o f  several  s p e c i f i c  rad ionuc l i des .  Th is  waste i s  u s u a l l y  packaged i n  a 
dewatered form i n  a s t e e l  l i n e r  f o r  d i sposa l . )  NRC reviewed e x i s t i n g  i n f o r m a t i o n  
and cha rac te r i zed  i n  d e t a i l  each o f  t h e  36 waste streams. The most impor tant  
rad ionuc l i des  p resen t  i n  t h e  waste streams were i d e n t i f i e d  and t h e  geometric 
mean o f  t h e  range o f  a c t i v i t y  concentrat ions f o r  each r a d i o n u c l i d e  observed 
was determined f r o m  a v a i l a b l e  data. The rad ionuc l i des  considered a re  shown i n  
Table 3.2. F o r  those streams where l i m i t e d  data was a v a i l a b l e ,  est imates were 
made based on s c a l i n g  f a c t o r s  from the  known composi t ion o f  s i m i l a r  o r  r e l a t e d  
waste streams. Each stream was i d e n t i f i e d  by a p a r t i c u l a r  alphameric symbol 
f o r  ease i n  i d e n t i f i c a t i o n  d u r i n g  computer a n a l y s i s  (e.g., b o i l i n g  water i o n  
exchange r e s i n s  a r e  denoted by B-IXRESIN).  The f o l l o w i n g  symbols have been 
used t o  denote t h e  major waste generators:  

Symbol Generator 

P Pressur ized Water Reactors 
B B o i l i n g  Water Reactors 
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Table 3-1 Waste Streams Considered in Analyses 


Waste Stream 

-

Group I: LWR Process Wastes 


PWR Ion Exchange Resins 

PWR Concentrated Liquids

PWR Filter Sludges

PWR Filter Cartridges

BWR Ion Exchange Resins 

8WR Concentrated Liquids 

BWR Filter Sludges 

Group 11: Trash . 

PWR Compactible Trash 
PWR Noncompactible Trash 
8WR Compactible Trash 

BWR Noncompactible Trash 

Fuel Fabrication Compactible Trash 

Fuel Fabrication Noncompactible Trash 

Institutional Trash (large facilities)
Institutional Trash (small facilities)
Industrial SS* Trash (large facilities)
Industrial SS Trash (small facilities)
Industrial Low Trash (large facilities)
Industrial LOW Trash (small facilities) 

Group 1x1: Low Specific Activity Wastes 
Fuel Fabrication Process Wastes 
UF, Process Wastes 
Institutional L W * *  Waste (large facilities)
Institutional LW** Waste (small facilities)
Institutional Liquid Waste,(large faci1ities)

Institutional Liquid Waste (small facilities)

Institutional Bfowaste (large facilities)

Institutional Biowaste (small facilities)

Industrial SS Waste 

Industr.1a1 low Activity Waste 


Group IV: Special Wastes 


LWR Nonfuel Reactor Components

LWR Decontamination Resins 

Waste from Isotope Production facilities 

Tritium Production Waste 

Accelerator Targets

Sealed Sources 

Industrial High Activity Waste 

Symbo1 

P-IXRESIN 
P-CONC Lf Q
P-FSLltDGE 
P-FCARTRG 
5-IXRESIN 
8-CONCLIQ 
B-FSLUIXE 

P-COTRASH 

P-NCTRASW 

6-COTRASH 
B-NCTRASH 
F-COTRASH 
F-NCTRASX 
I-GOTRASH 
I+COTRASH 
N-SSIRASH 

N+ SSTRASH 

N- ~ O ~ ~ A S H  

N+LOTRASH 


F-PROCESS 
U-PROCESS 
I-LIQSCVL 
f+tIIQSCVL 
I-ABSLIQD
I+ABS LIQO 
I-B IOWAST 
I + ~ I ~ ~ A 5 T  

~ ~ ~ S ~ ~ S T 
N- LOLlASfE 

L- N F R C ~ ~ ?  
L-DECONRS 
N- ISOPRQD 

~ ~ T ~ ~ ~ I U 
N-TARGETS 

N- SOURCES 

N-NIGHACT 


*SS: 'Sourceand Special Nuclear Material 
**LSV: Liquid ScintS1 lation Vial 
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Table 3.2 Radionulides Considered in Analyses 


~ 

Isotope 


H-3 


c-la, 

Fe-55 
Co-60 
Ni -59 
Ni-63 
Sr-90 
Nb-94 
Tc-99 
I-129 
Cs-135 
Cs-137 
U-235 
U- 238 
Np-237 
~ ~ - 2 3 8  

Pu-239 


Pu-240 


Pu-241 


Pu-242 

Am-241 
Am-243 
Cm-243 
Cm-244 

Half Life Radiation 

(years) Emitted Principal Means Of Production 


12.3 
5730 
2.60 
5.26 
ao ,OQO 
92 
28.1 
20,000 
2.12 x 105 
1.17 x 107 
3.0 x lo6 
30.0 
7.1 x 108 
4.51 x lo9 
2.14 x 10" 
86.4 

24,400 


6,580 
13.2 
2 .79  x lo5 

458 


7950 
32 


17.6 


Fission; Li-6 (n, a) 


N-14 (n, PI 
Fe-54 (n, y)  
Co-59 (n, y)  
Ni-58 (n, y) 

Ni-62 (n, y )  
Fission 
Nb-93 (n, I[) 


Fission; Mu-98 (n, y), bo-99 (PI) 
Fission 
Fission; daughter Xe-135 


Fission 


Natural 


Natural 


U-238 (n, Zn), U-237 (f3-3 

Np-237 (n, y>, Np-238 ( $-I; 
daughter Cm-242 


U-238 (n, y ) ,  U-238 ( B - ) ,  Np-239 
(B- 1 

Multiple n-capture 
Mu1tiple n-capture 
Multiple n-capture; daughter 

Am- 242 
Daughter Pu-241 
Mu1 tiple n-capture 
Mu1tiple n-capture 
Mu 1 tip 1 e n-capture 
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. Symbo1 Generator 

L i g h t  Water Reactors 

Fuel F a b r i c a t i o n  F a c i l i t i e s  

UF, Conversion P lan ts  

I n s t i t u t i o n a l  F a c i l i t i e s  

I n d u s t r i a l  F a c i l i t i e s  


The streams were nex t  d i v i d e d  i n t o  f o u r  general groups based upon common waste 
c h a r a c t e r i s t i c s .  The groups are: l i g h t w a t e r  r e a c t o r  process wastec, t rash ,  
low s p e c i f i c  a c t i v i t y  wastes, and wastes having unique spec ia l  c h a r a c t e r i s t i c s  
such as h igh  a c t i v i t y .  The grouping o f  waste streams was done t o  he lp increase 
the  f l e x i b i l i t y  o f  t h e  data base when cons ide r ing  t h e  a p p l i c a t i o n  o f  var ious 
waste process ing techniques. F i n a l l y ,  s i x  o f  t h e  waste streams have been 
separated i n t o  two components and t h e  a d d i t i o n a l  s i x  streams r e s u l t i n g  from 
t h i s  separat ion have been denoted by a p l u s  s i g n  a f t e r  t h e  waste generator 
symbol ( I  o r  N) i n s t e a d  o f  t h e  usual minus sign. This  was done t o  i d e n t i f y  
t h e  l a r g e r  f a c i l i t i e s  (denoted by t h e  minus s ign)  which cou ld  more e a s i l y  
implement t h e i r  own waste t reatment  processes f r o m  smal ler  f a c i l i t i e s  (denoted 
by t h e  p l u s  s ign )  which cannot. g e n e r a l l y  do t h e  same. The as generated 
(untreated) i s o t o p i c  concentrat ions f o r  t h e  var ious waste streams by group are 
shown i n  Table 3.3. 

3.4.3.2 Volume o f  t he  Waste as Generated 

NRC a lso  analyzed c u r r e n t l y  a v a i l a b l e  i n f o r m a t i o n  about the  c u r r e n t  and p r o j e c t e d  
r a t e s  o f  waste generat ion and c a l c u l a t e d  t h e  volume o f  waste f o r  each o f  the 
36 waste streams p r o j e c t e d  t o  be generated on a reg iona l  bas is .  The regions 
used i n  t h e  c a l c u l a t i o n s  correspond t o  t h e  f i v e  NRC reg ions.  The volume f o r  
each stream was p r o j e c t e d  f r o m  1980 through the year  2000. Both  h igh  and low 
est imates o f  waste generat ion were considered. I n  developing t h e  p r o j e c t i o n s ,  
nuc lear  f u e l  c y c l e  waste volume was assumed t o  be p r o p o r t i o n a l  t o  t h e  nuc lear  
e l e c t r i c a l  generat ion capaci ty .  Nonfue? c y c l e  waste volumes were assumed t o  
grow a t  a l i n e a r  r a t e  based upon l e a s t  squares f i t  o f  e x i s t i n g  data on i n d i v i d u a l  
waste streams. The "unt reated"  waste volumes assumed i n  t h i s  E I S  a r e  shown i n  
Table 3.4. 

3 . 4 . 3 . 3  Processing, Treatment and Packaging 

NRC a l s o  analyzed t h e  var ious types o f  process ing and t reatment  op t i ons  t o  
which t h e  waste, as generated, cou ld  be subjected t h a t  would change t h e  as 
generated waste c h a r a c t e r i s t i c s .  Such process ing and treatment cou ld  reduce 
t h e  volume o f  t h e  waste (e.g., compaction o f  t r a s h ,  evaporat ion o f  l i q u i d s  and 
i n c i n e r a t i o n  o f  combust ib le waste) o r  increase the  volume of t he  waste (e.g., 
a d d i t i o n  o f  absorbent ma te r ia9 s t o  liqu i  ds and s o l  id i  f ic a t i  on o f  1iqui  ds w i t h  
a media such as cement). Such processing would a l s o  change t h e  chemical and 
p h y s i c a l  p r o p e r t i e s  o f  t h e  waste as w e l l  as t h e  a c t i v i t y  concentrat ion,  
Depending upon whether the  process ing o r  t reatment o p t i o n  reduced o r  increased 
t h e  volume o f  waste, volume decrease and increase f a c t o r s  were c a l c u l a t e d  f o r  
each stream processed based upon a p p l i c a t i o n  o f  one o f  t h e  above p a r t i c u l a r  
process ing o r  t reatment  opt ions.  
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Table 3.4 	 As Generated (Untreated) Waste Volumes P r o j e c t e d  t o  be 
Generated-1980 t o  t h e  Year 2000 (m3) 

Region 1 

Vel. % 

P- I X R E S I N  0.79 
P-CONCLIQ 5.54 
P-FSLUDGE 0. PO 
P- FCARTRG 0.50 
B- IXRESIN 2.39 
B-CONCLIQ 6.59 
B- FSLUDOE 5.30 
P-COTRASH 9.66 
P-NCTRASti 4.96 
B-COTRASW 6.54 
B-NCTRASH 3.10 
F-COTRASH 5.37 
F-NCTRASH 0.95 
I-COTRASH 4.97 
I+COTRASH 4.97 
N-SSTRASH 10.22 
N+SSTRASH 10.22 
N- LOTRASH 1.73 
N+LOTRASH 1.73 
F-PROCESS 1.78 
U-PROCESS 0 
I-LQSCNVL 1.73 
I+LQSCNVL 1.73 
I-ABS LTQD 0.20 
I+ABSLIQD 0.20 
I-BIQWAST 0.55 
I+B IOWAST 0.55 
N-SSWASTE 3 .61  
N- LOWASTE 2.06 
L-NFRCOMP 0.07 
L-DECONRS 0.84 
N-ISOPROD 0.59 
N- HIGHACT 0.09 
N-TRITIUM 0.30 
H-SOURCES 0.01 
N-TARGETS 0.05 

TOTAL 

Region 2 

Vel . % 

1.30E+04 1.34 
9.12E+04 9.45 
1.60E+03 0.17 
8.16E+03 0.84 
2.51E+04 2.60 
6.93E+04 7.17 
5.57E+04 5.77 
1.59E+05 16.47 
8.16E+04 8.45 
6.87E+04 7.12 
3.26E+04 3.38 
1.k8�+05 12.22 
2.09E+04 2.16 
3.10E+04 3 .21  
3.10E+04 3 .21  
1.80E+04 1.86 
1.80E+04 1.86 
1.01E+04 1.05 
1.01E+04 1.05 
3.91E+04 4.05 
0 0 
1.08E+04 1.12 
1.08E+04 1.12 
1.23E+03 0.13 
1.23E+03 0.13 
3.46E+03 0.36 
3.46E+03 0.36 
6.34Ea03 0.66 
1.21E+04 1.25 
1.04E+03 0.11 
1.22E+04 1.27 
0 0 
5.74E+02 0.06 
2.09E+02 0.02 
4.10E+01 0.00 
2.95E+02 0.03 

9 e 66E+05 

Region 3 Region 4" 

Vel. % Vel. % 

6.59E+03 1.00 
4.63E+04 7.06 
8.14E+02 0.12 
4.14E+03 0.63 
2.05E+04 3.12 
5.64E+04 8.60 
4.54E+04 6.92 
8.07E+04 12.31  
4.14E+04 6.32 
5.60E+04 8.54 
2.66E+04 4.05 
0 0 
0 0 
3.80E+04 5.79 
3.80E+04 5.79 
3.5SE+04 5.48 
3.59E+04 5.48 
1.52E+04 2.32 
1.52E+04 2.32 
0 0 
1.41E+04 2.14 
1.33E+04 2 - 0 2  
1.33E+04 2.02 
1.51E+03 0.23 
1.51E+03 0.23 
4.24E+03 0.65 
4.24E+03 0.65 
1.27E+04 1.93 
1.81E+04 2.76 
6.22�+02 0.09 
8.05E+03 1.23 
0 0 
7.04�+02 0 . 1 1  
2.09E+02 0.03 
5.04E+01 0.01 
3.62E+02 0.06 

6.56�+05 

1.25 
8.79 
0.15 
0.79 
1.49 
4.10 
3.30 

15.33 
7.87 
4.07 
1.93 

10.88 
1.92 
4.33 
4.33 
5.52 
5.52 
1.56 
1.56 
3.61 
2.16 
1 . 5 1  
1 .51  
0.17 
0.17 
0.48 
0.48 
1.95 
1.85 
0.09 
1.13 
0 
0.08 
0.06 
0.01 
0.04 

"NRC Regions 4 and 5 a re  combined such t h a t  each r e g i o n  generates up t o  lo6 in3 of 
waste. 
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Three types of solidification processes or scenarios were assumed for this EIS 

as follows: 


o 	 Scenario A assumes continuation of existing practices resulting in 
waste performance characteristics which are comparatively less 
desirable than the fol1owing two types. Scenario A soli difi cat;on 
is simulated by assuming that 50 percent of the waste stream is 
solidified using urea-formaldehyde systems and the other 50 percent
using cement systems. 

o 	 Scenario B assumes improved waste performance characteristics over 
the previous case. Scenario B solidification is simulated by
assuming that 50 percent of the waste stream is solified using 
cement systems and the other 50 percent using improved synthetic
polymer systems. 

o 	 Scenario C assumes further improved waste performance characteristics 

achievable with currently available technology. Scenario C solidifi

cation is simulated by assuming that the waste stream is all solidified 

using improved synthetic polymer systems. 


To characterize the change and variation in chemical and physical properties
of the waste resulting from application of the processing or treatment options,
NRC developed and applied 6 waste form indices: (1) Flammability--the ability
of the waste form to catch fire and support combustion; (2) Dispersibility--the
dispersibility of the waste form several decades after disposal; (3 )  Stability-
the structural stability of the waste; (4) Leachability--the resistance of the 
waste form t o  leaching; (5) Chemical content--the content of chemicals such as 
chelating agents that could increase mobility; and (6) Accessibility--the
accessibility of the radionuclides in the waste to transport by wind and 
water. NRC also analyzed the type of packaging that could be applied to the 
various waste streams. The various types of packaging assumed is reviewed in 
the next subsection. Finally data on the cost, occupational exposures,
population exposures and energy use (i-e., gallons of fuel consumed) were 
calculated for each waste processing and treatment option. It is used in the 
alternatives analysis to account for the application of specific processing
and treatment options to the various waste streams. 

3 . 4 . 3 . 4  Waste Spectra 

Although it is convenient to characterize wastes by stream for each waste 
generator, the waste disposed of at a disposal site never consists of just one 
stream, Rather, it consists of a cross section of all of the streams and 
there may be large differences between streams and within individual streams 
regarding the types of processing, treatment and packaging that is used. 
Thus, there is an infinite number of different types of wastes, in different 
types of forms, and in different types of packaging that could be shipped for 
disposal. To bound the range in waste that might be expected to be generated
and disposed of, four "waste spectra" were derived. Each waste spectrum 
represents a cross section of all the waste streams that might be generated 
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and shipped for disposal under specific conditions of treatment and processing.

Each spectrum is defined in terms of the total waste volume, waste performance

and radionuclide concentrations that result from the application of a specific
combination of waste treatment and processing options t o  specific waste streams. 
The spectra thus bound the range in waste that might be expected to be generated

and disposed of. Four spectra were developed to characterize a range of 

alternative waste form properties and processing options from a continuation 

of existing and some past practices with little additional increase effort and 

cost to extreme volume reduction and improved waste form at very high effort 

and cost. Waste Spectrum No. 1 characterizes a continuation of existing and 

some past waste management practices and is used along with the base case site 

to calculate base case costs and impacts. Waste Spectrum No. 2 characterizes 

improvements in the form of the waste through processing and reduction in 

waste volume with modest expenditures o f  time and money. No. 3 characterizes 
further waste form improvements and volume reduction at further increased 
costs. No. 4 characterizes the maximum volume reduction and improved waste 
form that can currently be practically achieved. Waste being disposed of 
today falls between waste spectra Nos. 1 and 2, with the trend moving toward 

spectrum 2. Implementation of license conditions in effect at the existing

sites regarding solidification o f  higher activity wastes would place the waste 
very close to waste spectrum No. 2. The four spectra are summarized in Table 3.5. 

3.4.3.5 Impact Measures 


Impact measures calculated by NRC for the generation and processing of waste 

include cost for processing and treatment; occupational exposures incurred 

during processing and treatment; population exposures resulting from processing

and treatment and energy use (e.g., gallons of fuel consumed during processing

and treatment). The costs for waste processing change from spectra 1 to 4 due 

to the greater application of processing options such as incineration. Processing

options also have an impact on transportation costs, (discussed in the next 

subsection), since the volume of waste requiring packaging and transport can 

change depending upon the processing option used. The details of the description

and characterization of waste, processing options, cost and impact data, and 

development of waste spectra is set out in Appendices D and G. 


3.5 WASTE TRANSPORTATION AND PACKAGING 


In addition to those generating the waste, there are a number of firms which 

supply intermediate services between the waste generator and disposal facility.

These firms supply packaging for waste, assist in preparation of waste ship

ments, transport waste to disposal facilities and in some cases carry out 

waste processing and treatment operations at generator facilities. 


Important to transportation is the size and type o f  packaging used for various 
types of waste; the type of transport vehicles and shielded overpacks used for 
transportation; miles travelled; and the degree of care involved in tran6port
ation and handling of waste during loading, unloading and emplacement at a 
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Table 3.5 Summary Description of Waste Spectra 


This s ~ e ~ t r ~ m 
assumes a continuation o f  existing and some past waste management 
ices.  Some of the LWR wastes--namely P-CONCLIQ, B-CONCLIQ, and L-DECQNRS 
~ t r ~ ~ ~ § - - a r ~solidified. However, no processing i s  done on organics,
stible wastes, or streams containing chelating agents. LWR resins and 

es are assumed to be shipped t o  disposal sites in a dewatered 
oncentrated liquids are assumed to be concentrated in accordance 
practices, and are solidified with various media designated as 

s ~ l i d i ~ ~ ~ a t i ~ nscenario A. No special effort is made to compact trash. 
tional waste streams are shipped to disposal sites after they are 
d with currently utilized absorbent materials. Resins from LWR 

~ c Q ~ ~ ~ ~ ~ n a t i o n 
operations (L-DECONRS stream) are solidified in a media with 
~ o ~ ehly i ~ ~ characteristics~(solidification scenario C). 

assumes that LWR process wastes are solidified using improved 
n tec~ni~ues(solidification scenario B). LWR concentrated 
~ ~ i t i o n a l ~ yreduced in volume through an evapQrator/crystallizer.
ntrated liquids are evaporated,in 50 weight percent solids, and 
ss wastes are solidified using solidification scenario 5 procedures. 
f cartridge filters, the solidification agent fills voids in the 
e but does not increase the vo’tu~~e.Liquid scintillation vials 
t large facilties and packed in absorbent material. All compactible 

are compacted; P-COTRASW, B-CQTRASH, F-CQTRASH, I-COTRASY,
ASH streams are compacted at the source of generatjon; 
ACH, and H+LOTRA$H streams are  compacted at the disposal

quids Prom medical isotope production are solidified using 
50’8idifl’cation scenario C procedures, 

In this spectrum, LWR process wastes are solidified assuming that further 
ved waste solidification agents are used (solidification scenario c). 

n ~ t do	 ~ ~ ~ liquids ~are~first ~evapopated to 50 weight percent solids. 
~~~~~~e incine~~tio~of combustible material (except LWR process wastes) 

~~~r~~~~ some incineration is done at the source o f  generation (fuel

R decontamination resins, institutional wastes~from 1arge
industrial trash from large facilties) and some at the disposal
snail and industrtal trash from small facilities). All 

~ ~ ~ ~ ~ ~ ~
i ~ c ash iis solidified using solidification scenario~C procedures. 

sumes extreme volume reduction. All wastes amenable to 
t i o n  or ~nciner~ti~nwith fluidized bed technology are calcined and 

solidification scenario C procedures; LWR process wastes, 
filters, are calcined in addition to the streams incinerated 

All noncompactible wastes are reduced in volume at the disposal

tral processing facility using a large hydraulic press. This 

nts the maximum volume reduction that can currently be 


~ ~p ~ ~ ~ achieved. c ~ l ~ y 
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disposal facility. These latter aspects were considered together since the 
type of waste, Its packagfng size, radiation levels and other factors uniformly
affect handling at the point o f  generation, during loading onto a transport
vehicle, during transportation to the disposal site and during unloading and 
disposal operations at the disposal site. 

3.5.1 Description of Services Provided 


As discussed, several types of goods and serv ces can be provided by various 
service Organizations depending on individual generator needs, the composition 
o f  the waste, its volume and its frequency o f  generation. Transportation can 
be provided by common or contract carriers wh ch plck up packaged waste at 
generator facilities and transport it to the paint of disposal. In such 
cases, the carrier is providing only a transportation service and the shipper
retains responsibility for the wastes until accepted at the disposal facility.
Transportation can also be provided by the licensee generating the waste or by 
other private carriers which accept title to the waste upon receipt at a 
generator’s facitity. These firms are licensed by the NRC or an Agreement
State for their possession o f  the  waste and in some cases they provide other 
services such as supplying packaging, waste processing, and temporary storage. 

For larger generators like nuclear power plants, these service activities 
generally consist o f  providfng the necessary shipping containers, (e.g. ,
shielded casks), transporting the waste to the disposal site, and in some 
cases, waste processing. Such large generators usually contract these 
services out to private firms specializing in the provision o f  such services. 
In these instances, the cask is usually leased on an as-needed basis and the 
truckloads of waste are transported directly from the generator to the disposal
site. A return trip is normally required to return the empty shielded cask 
back to the generator to allow it to be refilled for the next shipment.
Often, the rental of the cask and the actual transportation are performed by 
separate companies. 

Smaller LLW genepators such as educational institutions , hospitals, and many
industries will use common, contract, or private carriers, In many cases, a 
firm collects the LLW from a number of  small generators and transports it to a 
central, temporary storage facility. Here the wastes may be repackaged and 
consolidated until sufficient waste has been collected to make up a truckload. 
At this point, the wastes will be transported for disposal. firms engaged in 
this collection and consolidation o f  waste are often referred to as “waste 
brokers” and can generate full truckloads with sufficient frequency so as to 
achieve much high equipment utilization rates and lower unit transport costs 
than smaller LLW generators can on their own. 

The assumptions and organization of data regarding the type of packaging and 

services provided, transport vehicles used, frequency of shipments, and other 

data is described below. Furthar detail is set out in Appendices D and G. 
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3.5.2 	 Degree o f  Care Required i n  Handl ing t h e  Waste and t h e  S h i e l d i n g  Required 
Dur ing T ranspor ta t i on  

Each waste stream conta ins d i f f e r e n t  amounts o f  d i f f e r e n t  rad ionuc l i des  and 
thus emits d i f f e r e n t  types o f  r a d i a t i o n  a t  d i f f e r e n t  l e v e l s .  A l s o ,  depending 
on t h e  package s i z e  and t h e  amount o f  waste contained i n  a package, d i f f e r e n t  
waste packages have d i f f e r e n t  sur face r a d i a t i o n  l e v e l s .  The ex te rna l  r a d i a t i o n  
l e v e l s  a t  t h e  package sur face a f f e c t s  t h e  l e v e l  o f  care t h a t  should be exerc ised 
d u r i n g  handl ing o f  t h e  waste and t h e  t ype  o f  s h i e l d i n g  t h a t  would be r e q u i r e d  
d u r i n g  t r a n s p o r t a t i o n  t o  comply w i t h  e x i s t i n g  DOT and NRC t r a n s p o r t a t i o n  
regu la t i ons .  To cha rac te r i ze  the  broad range i n  package sur face r a d i a t i o n  
l e v e l s  t h a t  would be presented by t he  va r ious  waste streams packag 
packages, NRC es tab l i shed  t h r e e  categor ies t o  represent  t h e  l e v e l  of care 
r e q u i r e d  t o  handle each waste stream based on t h e  t o t a l  a c t i v i t y  and r a d i a t i o n  
emi t ted  by each stream. These ca tegor ies  are denoted by: 

o 	 Those r e q u i r i n g  r e g u l a r  ca re - - i  .e. , those streams c o n t a i n i n g  very 
l i t t l e  h igh  energy gamma e m i t t i n g  rad ionuc l i des  and thus very low 
ex te rna l  r a d i  a t i  on 1eve1s ; 

o 	 Those r e q u i r i n g  extreme care-- i .e . ,  those streams c o n t a i n i n g  l a r g e  
q u a n t i t i e s  o f  h i g h  energy gamma e m i t t i n g  rad ionuc l i des  and thus very 
h i g h  ex te rna l  r a d i a t i o n  l e v e l s ;  and 

o 	 Those streams i n  between t h e  above and r e q u i r i n g  spec ia l  care-- i .e . ,  
those streams c o n t a i n i n g  some high-energy gamma e m i t t i n g  rad ionuc l i des  
and thus moderate ex te rna l  r a d i a t i o n  l e v e l s .  

Since t h e  a c t i v i t y  o f  i n d i v i d u a l  waste streams can vary,  NRC a l s o  est imated the  
f r a c t i o n  o f  each waste stream r e q u i r i n g  a p a r t i c u l a r  l e v e l  o f  care based on 
t h e  v a r i a t i o n  i n  a c t i v i t y .  Th is  would account f o r  t h e  normal v a r i a t i o n  expected 
i n  waste stream a c t i v i t y .  

3.5.3 Type o f  Packaging Used 

A f t e r  determin ing t h e  l e v e l  o f  care, NRC a lso,analyzed t h e  d i f f e r e n t  types o f  
packaging t h a t  c o u l d  be used f o r  shipment and d isposal  o f  waste. Based on 
t h i s  ana lys i s  t h e  packaging was genera l i zed  i n t o  5 gener ic  types o f  packaging 
as fo l l ows :  

1. Large wooden boxes - 128 ft,3 
2. Small wooden boxes - 16 ft3 
3. 55-gal lon drums - 7.5 f t3 
4. Small l i n e r s  - 50 ft3 
5. Large 1iners - 170 ft3 

NRC assumed, f o r  purposes o f  t h i s  ana lys i s ,  t h a t  "'extreme care" wastes were 
o n l y  packaged i n  drums o r  l i n e r s  which a re  remotely manipulated d u r i n g  l oad ing  
and o f f - l o a d i n g .  "Regular" and "spec ia l "  care wastes a re  assumed t o  be packaged 
i n  a l l  5 package types. 
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Finally, NRC determined the fractional use of each package type for each waste 
stream using available shipping and survey data. 

3.5.4 Mode of Shipment 


In the same way that there are a large number of package types that can be 
used for shipment and disposal o f  the waste, there are also a number of 
different shipment modes, vehicles and shielded overpaks that can be used to 
transport the waste to the disposal site. For purposes o f  this ETS, NRC 
conservatively assumed that all waste is transported to the disposal facility
by truck (i-e.$ rail and barge transport are not used). NRC geqeralized the 
various types of transport vehicles and overpaks into 6 types: 

1. Vans 

2. Flatbed trailers 

3. Shielded trailers 

4. Large shielded casks 

5. Small shielded casks 

6. 1-drum shielded casks 


Casks are assumed to be transported to the disposal facility on flatbed trailers. 


Since the activlty and packaging used for each waste stream varies, and a lso  
varies within each waste stream as noted above, NRC also determined the percentage 
use of different vehicles and overpaks for the transport of the various streams. 

3.5.5 Impact Measures 


Impact measures calculated by NRC for the packaging and transport of waste 
include c o s t ,  occupational exposures, population exposures and energy use. 
Cost was calculated including a mileage charge (and fuel surcharge), a cask 

rental charge, and an overweight shipment transportation charge. Energy use 

was calculated based on the total shipment miles, including empty cask return 
trips, and using an average fuel consumption rate o f  6 miles/gallon. For t he  
base case and alternatives analysis, transportation distance was not assumed 
t o  vary. Costs and impacts are calculated assuming an average distance o f  400 
miles from the point o f  waste generation to the waste disposal facility.
Occupational and population exposures incurred during transportatfon were 

calculated based on total loaded miles and the number of loaded shipments

(Return trips in which the vehicle was empty were excluded). Occupational 

exposures incurred durfng loading of the waste and during transportation are 
included together. The exposures were calculated based on the man-minutes 
required to load each package and the radiation field associated with each 
type o f  package handling environment. Occupational exposures were calculated 
for each waste care level, package type and shipment mode. Occupational 

exposures during unloading and disposal of the waste were also calculated 

based on the personnel time required to unload and dispose of the wastes and 

the assumed radiation fields associated with the handling environment that the 

workers are exposed to. 
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3.6  WASTE DISPOSAL 

T h i s  s e c t i o n  descr ibes t h e  a f f e c t e d  environment made up o f  those owning and 
opera t i ng  t h e  d i  sposal s i t e s .  It a l s o  descr ibes t h e  s i t i n g ,  l i c e n s i n g ,  design, 
operat ion,  c losu re  and pos topera t i ona l  a c t i v i t i e s  o f  a re ference base case LLW 
d i  sposal f a c i  1 ity. 

The operators  o f  LLW disposal  s i t e s  o f f e r  t h e  e s s e n t i a l  serv ices o f  p r o v i d i n g  
a l i c e n s e d  and c o n t r o l l e d  s i t e  where generators o f  LLW may dispose o f  t h e i r  
wastes. The s i t e s  are owned by t h e  s t a t e  o r  f e d e r a l  government. The f a c i l i t i e s  
and procedures necessary t o  o f f e r  t h i s  s e r v i c e  i n c l u d e  the  mon i to r i ng  o f  
t r a n s p o r t  v e h i c l e s  and packages t o  v e r i f y  compliance w i t h  es tab l i shed  l i c e n s e  
c o n d i t i o n s  and r e g u l a t i o n s ;  o f f - l o a d i n g ,  temporary storage and d isposal  o f  t h e  
wastes; and mon i to r i ng  and s u r v e i l l a n c e  o f  t h e  disposed wastes throughout the  
opera t i ng  l i f e t i m e  o f  t h e  s i t e .  Lease c o n d i t i o n s  between t h e  operators  and 
s t a t e  l and lo rds  p rov ide  t h a t  s t a t e s  w i l l  assume r e p o n s i b i l i t y  f o r  t h e  long-term 
c o n t r o l  and s u r v e i l l a n c e  o f  t h e  s i t e s  a f t e r  c losure.  The cond i t i ons  a l s o  
i n c l u d e  p r o v i s i o n s  f o r  t h e  accrual  o f  funds t o  pay f o r  t h e  s t a t e ' s  long-term 
c u s t o d i a l  r e s p o n s i b i l i t i e s .  

There a re  p r e s e n t l y  t h r e e  operat ing,  l i c e n s e d  commercial LLW disposal  f a c i l i t i e s .  
These a re  t h e  Barnwel l ,  South Caro l i na  s i t e  operated by Chem-Nuclear Systems, 
I n c .  and t h e  Beat ty ,  Nevada and Richland, Washington s i t e s  operated by U.S. 
Ecology, I n c .  A l l  t h r e e  o f  t h e  above s i t e s  a re  l o c a t e d  i n  Agreement States 
and are s i t e d  on state-owned land, except t h e  Rich land s i t e .  I n  t h i s  case t h e  
s i t e  i s  l oca ted  on federal ly-owned l a n d  t h a t  has been leased t o  t h e  s t a t e  o f  
Washington. As noted e a r l i e r  i n  Chapter 1, t h r e e  o the r  l icensed,  commercial 
LLW s i t e s  e.x ist  which a re  n o t  c u r r e n t l y  operat ing.  These a r e  t h e  S h e f f i e l d ,  
I l l i n o i s ;  Maxey F l a t s ,  Kentucky; and West Val ley,  New York s i t e s .  The f i r s t  
two s i t e s  were operated by t h e  Nuclear Engineer ing Company and t h e  l a s t  was 
operated by Nuclear Fuel Services,  I n c . ,  a subs id ia ry  o f  t h e  Ge t t y  O i l  Company. 

Both LLW s i t e  l icensees o f f e r  s i m i l a r  o n s i t e  se rv i ces  concerning the  d isposal  
o f  LLW. These i n c l u d e  e x p l i c i t  c r i t e r i a  concerning t h e  types o f  wastes 
acceptable f o r  b u r i a l ,  as w e l l  as s p e c i f i c a t i o n s  f o r  s o l i d i f i c a t i o n  agents 
pe rm i t ted ,  packaging requirements and pe rm iss ib le  a c t i v i t y  l e v e l s .  They 
survey incoming shipments f o r  compliance w i t h  l i c e n s e  requirements and DOT 
t r a n s p o r t a t i o n  and packaging c r i t e r i a .  Also, wastes may be segregated by type 
and a c t i v i t y  l e v e l  t o  increase s a f e t y  and opera t i ona l  e f f i c i e n c y .  T ranspor ta t i on  
se rv i ces  and sh ie lded  sh ipp ing  casks f o r  lease t o  LLW generators t h a t  produce 
wastes w i t h  h igher  a c t i v i t y  l e v e l s  may a l s o  be provided. 

3.6.1 	 Charac te r i za t i on  o f  a Reference Base Case LLW Disposal F a c i l i t y  f o r  
Purposes o f  E I S  Analys is  

To he lp  p rov ide  conservat ive bounds t o  t h e  p o t e n t i a l  cos ts  and impacts o f  
waste d i sposa l ,  NRC cha rac te r i zed  a reference LLW disposal  f a c i l i t y  t h a t  i s  
assumed t o  be s i t e d  i n  a humid eastern environment. NRC s t a f f  a n t i c i p a t e s  
t h a t  over t h e  nex t  20 years,  over th ree -quar te rs  of t h e  waste generated i n  t h e  
Un i ted  States w i l l  be generated i n  humid environments, i . e . ,  i n  t h e  eastern 
and humid midwestern sec t i ons  of t h e  country .  Regional d isposal  o f  waste 
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t h e r e f o r e  i m p l i e s  t h a t  most o f  t h e  waste generated i n  humid environments would 
a l s o  be disposed i n  humid environments. P o t e n t i a l  ground-water impacts (and 
a c t i o n s  r e q u i r e d  t o  p r o t e c t  ground water)  a t  a humid s i t e  a r e  g e n e r a l l y  expected 
t o  be g r e a t e r  than those a t  an a r i d  area. Some o f  t h e  c o n d i t i o n s  a t  an eastern 
humid s i t e  which would i n d i c a t e  t h i s  i n c l u d e  t h e  r e l a t i v e l y  h ighe r  annual 
p r e c i p i t a t i o n ,  shal lower  depths t o  ground water,  and r e l a t i v e l y  s h o r t e r  d is tances 
from t h e  disposed waste t o  t h e  p o i n t  o f  ground-water discharge i n t o  sur face 
streams. 

The reference f a c i l i t y  i s  s i zed  t o  accept a r e l a t i v e l y  l a r g e  q u a n t i t y  o f  
waste-- i .e. ,  50,000 m3 o f  waste pe r  year  over a 20-year ope ra t i ng  l i f e ,  o r  a 
t o t a l  volume o f  one m i l l i o n  m3. Th is  corresponds t o  approximately one-quarter 
o f  t h e  t o t a l  volume o f  LLW p r o j e c t e d  i n  t h e  Un i ted  States t o  t h e  year  2000. 
Disposal  o f  one m i l l i o n  m3 o f  waste i n  t h e  reference f a c i l i t y  w i l l  r e q u i r e  
about 150 acres o f  land, which corresponds t o  an approximate upper bound of 
t h e  l and  area o f  c u r r e n t  commercial d isposal  f a c i l i t i e s .  

The s i t e  f o r  t h e  f a c i l i t y  m in ima l l y  meets a l l  o f  t he  s i t e  s u i t a b i l i t y  requ i re 
ments s e t  o u t  i n  Chapter 5. The f a c i l i t y  i s  a l s o  assumed t o  be operated i n  
compliance w i t h  minimum r a d i a t i o n  s a f e t y  p r a c t i c e s  r e q u i r e d  by p r o v i s i o n s  o f  
10 CFR P a r t  20 (see Chapter 6). Although t h e  f a c i l i t y  i s  assumed t o  comply 
w i t h  t h e  NRC Branch Technical P o s i t i o n  on S i t e  Closure and S t a b i l i z a t i o n  (See 
Appendix I ) ,  no spec ia l  e f f o r t  i s ,  however, assumed t o  be made d u r i n g  operat ions 
a t  t h e  reference f a c i l i t y  rega rd ing  t h e  form o f  waste o r  design and opera t i ona l  
p r a c t i c e s  t o  ensure long-term s i t e  s t a b i l i t y .  Several design and opera t i ona l  
improvements d i r e c t e d  a t  s t a b i l i t y  t h a t  have been i n s t i t u t e d  a t  some e x i s t i n g  
s i t e s  have n o t  been assumed f o r  t h e  base case s i t e ,  (e.g., v i b r a t o r y  compaction 
o f  b a c k f i l l  m a t e r i a l ) .  Th is  has been done t o  e s t a b l i s h  a base case l e v e l  o f  
long-term cos ts  and r a d i o l o g i c a l  impacts aga ins t  which measures t o  improve 
s i t e  performance, achieve g r e a t e r  s i t e  s t a b i l i t y ,  minimize r a d i o l o g i c a l  impacts, 
and t o  ensure adequate funding can be assessed. F igure 3 . 1  descr ibes t h e  l i f e  
c y c l e  o f  a t y p i c a l  d isposal  f a c i l i t y .  Fu r the r  i n f o r m a t i o n  rega rd ing  design, 
operat ion,  and c l o s u r e  o f  t h e  f a c i l i t y  i s  s e t  ou t  below. The d e t a i l s  a re  
descr ibed i n  Appendix E. 

3.6.2 F a c i l i t y  Design 

A conceptual l a y o u t  of t h e  reference d isposal  f a c i l i t y  i s  i l l u s t r a t e d  i n  
F igures 3.2 and 3.3. As shown i n  t h e  f i g u r e s ,  t h e  d isposal  f a c i l i t y  i s  
d i v i d e d  i n t o  two bas i c  areas: a " r e s t r i c t e d  area" and an " a d m i n i s t r a t i o n  
area. " 

The e n t i r e  s i t e  i s  surrounded by a 2.4 m (8 f t)  h i g h  c h a i n - l i n k  fence topped 
w i t h  t h r e e  s t rands o f  barbed w i r e .  A 2.4 m h igh  fence a l s o  separates t h e  
a d m i n i s t r a t i o n  area f r o m  t h e  r e s t r i c t e d  area. Access t o  t h e  d isposal  s i t e  i s  
v i a  a s t a t e  highway running c lose  t o  t h e  s i t e  from which two s h o r t  gravel  
roads l ead  onto the  d isposal  f a c i l i t y .  Access t o  t h e  r e s t r i c t e d  area i s  
c o n t r o l l e d  by s e c u r i t y  check p o i n t s  near t h e  gates i n  t h e  fence separa t i ng  t h e  
a d m i n i s t r a t i o n  area and the  r e s t r i c t e d  area. 
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F igu re  3.1 L i f e  Cycle o f  a Typ ica l  

Number o f  Years A c t i v i t y  

1-2 Years 	 S i t e  S e l e c t i o n  and 
Charact e r i  z a t i  on. 

1-2 Years 	 Preoperat ional  
L i  censi  ng 

Near-Surface Disposal F a c i l i t y  

D e s c r i p t i o n  

S i t e  s e l e c t i o n  and c h a r a c t e r i z a t i o n  
a c t i v i t i e s  a re  c a r r i e d  ou t  by t he  
a p p l i c a n t  i n  c o o r d i n a t i o n  w i t h  
NRC, and s t a t e  and l o c a l  govern
ment. A p r e f e r r e d  s i t e  i s  selected, 
and t h e  s i t e  cha rac te r i zed  i n  
d e t a i l .  A l i c e n s e  a p p l i c a t i o n  i s  
prepared which in c l  lades a p r e l  i m 
inary c l  osure p lan ,  env i  ronmental 
r e p o r t ,  arrangements f o r  govern
ment ownership o f  t h e  land, lease 
arrangements f o r  use o f  t h e  s i t e ,  
and f i n a n c i a l  arrangements t o  
cover t h e  costs  o f  c losu re  and 
pos tc losu re  a c t i v i t i e s .  

The a p p l i c a t i o n  i s  submit ted t o  
NRC ( i n c l u d i n g  a l i c e n s e  fee) 
and docketed. A n o t i c e  o f  
r e c e i p t  o f  t h e  a p p l i c a t i o n  
i s  pub l i shed  i n  t h e  Federal 
Regis ter  and an o p p o r t u n i t y  f o r  
reques t i  ng hear ings i s  provided. 
S ta te  and l o c a l  government o f f i c i a l s  
a re  n o t i f i e d .  An a n a l y s i s  o f  t h e  
a p p l i c a t i o n  i s  c a r r i e d  o u t  by t h e  
NRC l i c e n s i n g  s t a f f  i n c l u d i n g  
p r e p a r a t i o n  o f  an environmental 
impact statement. I f  no hear ings 
a r e  requested and upon a s a t i s 
f a c t o r y  l i c e n s i n g  f i n d i n g ,  NRC 
takes a c t i o n  t o  i ssue  the  l i cense .  
A No t i ce  o f  Issuance i s  pub l i shed  
i n  t h e  Federal Regis ter  and s t a t e  
and 1oca1 government o f f i c i  a1s are 
n o t i f i e d .  I f  hear ings a r e  requested, 
h e a r i  ngs a re  he1d in c l  ud i  ng any 
Commission reviews and appeals. 
Upon r e s o l u t i o n  o f  a l l  hear ings and 
appeals and upon a s a t i s f a c t o r y  
f i n d i n g ,  NRC issues t h e  l i cense ,  
pub l i shes  n o t i c e s  and n o t i f i e s  
s t a t e  and l o c a l  governmental 
o f f i c i  a1s.  
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F igu re  3 . 1  

Number o f  Years A c t i v i t y  

20-40 Years 	 Cons t ruc t i on  and 
A c t i v e  Disposal 
Operations 

1-2 Years 	 S i t e  Closure and 
S t a b i l i z a t i o n  

100 Years 	 I n s t i t u t i o n a l  
Contro l  

(Continued) 

D e s c r i p t i o n  

Upon issuance, t h e  operator  begins 

operat ions t o  c o n s t r u c t  t h e  

f a c i l i t y  and t o  rece ive  and 

disposal  o f  waste. On a p e r i o d i c  

basis--about every 5 years,  o r  

as s t a t e d  i n  t h e  license--NRC 

reviews the  l i c e n s e e ' s  program 

i n c l u d i n g  t h e  p r e l i m i n a r y  s i t e  

c l o s u r e  p lan ,  f i n a n c i a l  arrange 

ments f o r  c losu re  and post - 

c l o s u r e  a c t i v i t i e s ,  and cont inued 

assessment of environmental impacts. 


Dur ing the  opera t i ng  phase, t h e  

s i t e  i s  g e n e r a l l y  s t a b i l i z e d  as 

i t  i s  f i l l e d  (e.g., t r e n c h  caps 

are  p u t  i n  place). A t  c losure,  

f i n a l  s i t e  s t a b i l i z a t i o n  a c t i v i t i e s  

are  c a r r i e d  out .  F a c i l i t i e s  n o t  

needed f o r  pos tc losu re  a c t i v i t i e s  

are  decontaminated and dismantled. 

Costs f o r  c l o s u r e  a re  p rov ided  by 

f i n a n c i a l  arrangements o f  t h e  

operator .  Upon s a t i s f a c t o r y  

c losure,  NRC terminates t h e  l i c e n s e  

and c o n t r o l  over t h e  s i t e  r e v e r t s  

back t o  t h e  govefnment 1andowner. 


The government landowner c a r r i e s  

o u t  c u s t o d i a l  care o f  the s i t e  

which i nc ludes  cont inued govern

ment ownership and c o n t r o l  of t h e  

s i t e ;  c a r r y i n g  o u t  a c t i v i t i e s  such 

as post ing,  m a i n t a i n i n g  s i t e  s e c u r i t y ,  

mon i to r i ng  o f  t h e  environment, and 

c a r r y i n g  o u t  any maintenance 

a c t i v i t i e s  such as c o r r e c t i o n  o f  

subsidence depressions i n  t r e n c h  

covers due t o  c o n s o l i d a t i o n  o f  t he  

waste. The terms and c o n d i t i o n s  of 

t h e  lease and f i n a n c i a l  arrangements 

between operator  and owner p rov ide  

funds t o  cover t h e  c o s t  o f  these 

a c t i v i t i e s .  
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The d isposal  area a t  t h e  reference f a c i l i t y  i nc ludes  58 d isposal  trenches w i t h  
average approximate dimensions o f  180 m (591 ft) long, 30 m (100 f t)  wide, and 
8 m (26 f t)  deep (see F igu re  3.4). The r a t h e r  l a r g e  t rench  s i zes  assumed a re  
rep resen ta t i ve  o f  recen t  t rends a t  e x i s t i n g  d isposal  s i t e s .  A t rench  w a l l  
s lope o f  1h o r i z o n t a l  t o  4 v e r t i c a l  (1:4) i s  assumed and t h e  trenches a r e  
assumed t o  be separated by 3 m t h i c k  w a l l s .  

As a t rench  i s  constructed, t h e  l o c a t i o n s  o f  t h e  f o u r  corners o f  t h e  t rench  
a re  surveyed and referenced t o  a bench mark. An approximate one degree slope 
i s  prov ided i n  t h e  bottom of a t rench  from end t o  end and from one s ide  towards 
a 0.6 m x 0.6 m (2 f t  x 2 ft) gravel  f i l l e d  French d ra in .  ?he French d r a i n  
runs t h e  e n t i r e  l e n g t h  on t h e  lower e l e v a t i o n  s i d e  t o  p rov ide  f o r  c o l l e c t i o n  
o f  any l i q u i d  drainage t h a t  might  occur. A g r a v e l - f i l l e d  sump i s  l o c a t e d  a t  
t he  low corner  o f  t h e  t rench. Each t rench  i s  a l s o  equipped w i t h  a minimum o f  
t h r e e  0.15 m (6 i n )  diameter p o l y v i n y l  c h l o r i d e  (PVC) standpipes l oca ted  
w i t h i n  t h e  French . d r a i n  and s tanding a1ong t h e  s idewa l l  s o f  t h e  t rench. 

Support f a c i l i t i e s  and s t r u c t u r e s  inc lude:  (1) an a d m i n i s t r a t i o n  b u i l d i n g ,  (2) 
a h e a l t h  phys i cs /secu r i t y  b u i l d i n g ,  (3) a warehouse, (4) a garage, (5) a waste 
a c t i v i t i e s  b u i l d i n g ,  and ( 6 )  a storage shed. A l l  s t r u c t u r e s  a t  the s i t e  a re  
one-story m e t a l l i c  s t r u c t u r e s  on concrete pad foundat ions.  

3.6.3 Faci  1it y  Operations 

?he d isposal  f a c i l i t y  i s  assumed t o  be operated f o r  p r o f i t  by a small  corpor
a t i o n  which i s  engaged i n  o the r  nuc lea r - re la ted  business a c t i v i t i e s  i n  a d d i t i o n  
t o  ope ra t i ng  t h e  d isposal  f a c i l i t y .  Overa l l  c o n t r o l  o f  r a d i a t i o n  h e a l t h  and 
s a f e t y  a t  t h e  corporate l e v e l  i s  under t h e  c o n t r o l  o f  t h e  sen io r  r a d i a t i o n  
s a f e t y  o f f i c e r ,  who i s  responsib le  f o r  conduct ing p e r i o d i c  reviews o f  s i t e  
operat ions f o r  compliance w i t h  h e a l t h  and s a f e t y  r e g u l a t i o n s  and l i c e n s e  
cond i t i ons ,  in c l  u d i  ng p e r i o d i c  s i t e  i nspec t i ons  and aud i t s .  Operations a t  t h e  
d isposal  s i t e  a re  under t h e  o v e r a l l  d i r e c t i o n  o f  a s i t e  manager and a s s i s t a n t  
s i t e  manager and have been d i v i d e d  i n t o  e i g h t  categor ies:  t h e  r e c e i p t ,  
i nspec t i on ,  handl ing,  storage, and d isposal  o f  waste; r a d i a t i o n  and contam
i n a t i o n  c o n t r o l ;  s i t e  groundskeeping and maintenance; r a d i a t i o n  s a f e t y  and 
contaminat ion c o n t r o l ;  environmental moni tor ing;  s e c u r i t y ;  recordkeeping and 
r e p o r t i n g ;  and q u a l i t y  assurance. 

3.6.3.1 Waste Receipt  and I n s p e c t i o n  

Shipments o f  r a d i o a c t i v e  waste a r r i v e  by t r u c k  and a re  processed onto t h e  s i t e  
on a f i r s t - come,  f i r s t - s e r v e d  bas is ,  Accompanying t h e  shipments a re  mani fest  
documents--termed r a d i o a c t i v e  shipment records (RSRs)--which descr ibe t h e  
content  o f  t h e  shipment. (An example o f  an RSR used a t  one d isposal  s i t e  i s  
i nc luded  i n  Appendix E.) A r r i v i n g  shipments a re  inspected f o r  compliance w i t h  
a p p l i c a b l e  fede ra l  r e g u l a t i o n s  and waste acceptance c r i t e r i a  es tab l i shed  as 
c o n d i t i o n s  i n  t h e  disposal  s i t e  l i cense .  

App l i cab le  fede ra l  r e g u l a t i o n s  i n c l u d e  those promulgated by NRC and DOT 
regard ing waste packaging requirements, l a b e l l i n g  requirements, v e h i c l e  
p l a c a r d i n g  requirements, and a l l owab le  d i r e c t  r a d i a t i o n  and removable 
contaminat ion l e v e l s  a t  an access ib le  sur face o f  t r a n s p o r t  vehic les.  
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Shipments found t o  be i n  compliance w i t h  fede ra l  r e g u l a t i o n s  and l i c e n s e  
c o n d i t i o n s  proceed i n t o  t h e  d isposal  area f o r  unloading. Depending upon 
l i c e n s e  cond i t i ons ,  damaged o r  l e a k i n g  waste conta iners may be overpacked o r  
repackaged, and e i t h e r  accepted f o r  d isposal  o r  r e t u r n e d  t o  t h e  sender. 
A c t i v i t i e s  such as overpacking and s o l i d i f i c a t i o n  are performed a t  t h e  waste 
a c t i v i t i e s  f a c i l i t y .  

3.6.3.2 Waste Storage 

Genera l ly  waste rece ived  a t  t h e  s i t e  i s  disposed o f  w i t h i n  a few days. Waste 
t h a t  must be t e m p o r a r i l y  s t o r e d  i s  g e n e r a l l y  l e f t  i n  t r a n s p o r t  veh ic les  o r  i n  
temporary o n s i t e  s torage areas. 

3.6.3.3 Waste Disposal  

Waste i s  randomly emplaced i n  the  t rench,  sometimes us ing  cranes and f o r k l i f t s ,  
and b a c k f i l l e d  w i t h  d i r t  removed d u r i n g  t r e n c h  excavation. Random waste 
emplacement r e s u l t s  i n  a t r e n c h  volume use e f f i c i e n c y  o f  about 50 percent. 
Waste is n o t  a l lowed t o  extend more than 100 f e e t  beyond t h e  b a c k f i l l e d  p o r t i o n  
o f  t h e  t rench. B a c k f i l l  operat ions a l s o  commence i f  r a d i a t i o n  readings g rea te r  
than 100 mR/hr a re  recorded a t  t h e  t rench  boundary, and cont inue u n t i l  r a d i a t i o n  
l e v e l s  a re  reduced below 100 mR/hr. Disposal  commences a t  t h e  h i g h  end o f  t h e  
t rench  and works down towards the  lower end t o  p reven t  waste packages from 
being p laced i n  water. Rainwater f a l l i n g  w i t h i n  t h e  open t rench  d r a i n s  away 
t o  t h e  lower end o f  t h e  t r e n c h  where i t  can be removed. 

Waste i s  emplaced t o  w i t h i n  one meter o f  t h e  t o p  o f  t h e  t rench, Earthen f i l l  
i s  then b a c k f i l l e d  i n t o  the t r e n c h  u n t i l  t h e  t r e n c h  cover approximately corre
sponds t o  t h e  o r i g i n a l  grade o f  t h e  s i t e  surface. A one-meter t h i c k  cap 
composed o f  o r i g i n a l l y  excavated s o i l s  i s  then p laced upon t h e  b a c k f i l l  and i s  
mounded. No spec ia l  compaction i s  performed on t h e  f i l l  and c l a y  caps o t h e r  
than t h a t  prov ided by heavy e a r t h  moving equipment d r i v e n  over t h e  t o p  o f  t h e  
cap. The cap i s  t hen  covered w i t h  n a t u r a l  overburden m a t e r i a l  as necessary t o  
p rov ide  good drainage c h a r a c t e r i s t i c s  and according t o  t h e  f i n a l  contours 
planned f o r  t he  s i t e  surface. The overburden i s  reseeded t o  promote growth o f  
a sho r t - roo ted  grass cover. 

Fo l l ow ing  t r e n c h  capping, t h e  d isposal  t renches a re  each marked w i t h  a monument 
which i s  i n s c r i b e d  w i t h  t h e  f o l l o w i n g  in format ion:  

o A t r e n c h  i d e n t i f i c a t i o n  number; 

o 	 T o t a l  t r e n c h  a c t i v i t y  o f  byproduct m a t e r i a l  i n  cu r ies ,  and source 
and spec ia l  nuc lear  m a t e r i a l  i n  grams; 

o Date o f  complet ion o f  d isposal  i n t o  t h e  t rench;  and 

o Volume o f  waste i n  t h e  t rench.  

I n  a d d i t i o n ,  each o f  t h e  f o u r  t o p  corners o f  t h e  d isposal  t rench  a re  marked 
w i t h  a marker stone. 
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Dur ing waste hand l i ng  and d isposal ,  operat ions a re  monitored t o  ensure 

r a d i a t i o n  sa fe ty .  A f t e r  t h e  t r a n s p o r t  v e h i c l e  i s  unloaded i t  i s  again 

surveyed f o r  contaminat ion and decontaminated, as necessary, p r i o r  t o  l e a v i n g  

t h e  r e s t r i c t e d  area. The r e s u l t s  o f  t h e  survey a re  recorded on t h e  accompanying 

RSR. 


3.6.3.4 S i t e  Groundskeeping and Maintenance 


Groundskeeping i nc ludes  bo th  the  upkeep o f  grounds and t h e  maintenance o f  

ex te rna l  b u i l d i n g  surfaces. The purpose o f  groundskeeping i s  t o  promote s i t e  

in t e g r i  t y  by mai n t a i  n i  ng proper  contour and s o i  1 conservat ion p r a c t i c e s  , by 

p r o p e r l y  ma in ta in ing  ex te rna l  s t r u c t u r e s  and s i t e  systems, and by overseeing 

c losed b u r i a l  t renches i n  an e f f i c i e n t  manner. Groundskeeping a c t i v i t i e s  

i n c l u d e  countour ing o f  t he  ground sur face,  emplacement o f  a s o i l  cover m a t e r i a l  

such as grass, f e r t i l i z i n g ,  mowing, and s i t e  drainage. 


A s i t e  maintenance program e n t a i l s  r o u t i n e  i n s p e c t i o n  o f  s i t e  surfaces and 

fences f o r  t rench  set t lement ,  g u l l y i n g ,  damage and debr i s .  Repairs a re  made 

as necessary. 


An impor tant  p a r t  o f  t h e  reference s i t e  groundskeeping and maintenance program 

i s  sur face water management. A sur face water management program i s  s i t e - s p e c i f i c  

( i . e . ,  dependent on each s i t e ' s  topography, amount o f  r a i n f a l l ,  e t c . ) ,  b u t  i t s  

o v e r a l l  purpose i s  t o  d i v e r t  sur face water r e s u l t i n g  from p r e c i p i t a t i o n  away 

f r o m  open trenches and t o  a l l o w  t h e  sur face water t o  f l o w  o f f s i t e  i n  a manner 

which w i l l  minimize erosion. 


3.6.3.5 S i t e  Safety ,  Radiat ion and Contamination Contro l  

A program o f  s i t e  safety,  r a d i a t i o n  and contaminat ion c o n t r o l  i s  c a r r i e d  out  
a t  t h e  s i t e  i n  compliance w i t h  e x i s t i n g  standards i n  10 CFR P a r t  20. It 
c o n s i s t s  o f  4 major a c t i v i t i e s :  

o 	 personnel r a d i  a t i  on mon i to r i ng  , in c l  u d i  ng use o f  personnel monit o r i  ng 
devices,  p e r i o d i c  i n t e r n a l  moni tor ing,  and a d m i n i s t r a t i v e  c o n t r o l s  
t o  ensure r a d i o l o g i c a l  sa fe ty ;  

o 	 s i t e  r a d i a t i o n  and contaminat ion c o n t r o l  , in c l  ud i  ng r o u t i n e  
r a d i o l o g i c a l  surveys t o  minimize t h e  p o t e n t i a l  f o r  spread o f  
contaminat ion o r  unnecessary exposure t o  r a d i a t i o n ;  

o 	 abnormal o r  emergency procedures t o  q u i c k l y  and s a f e l y  handle abnormal 
occurrences o r  s i t e  emergencies; and 

o 	 personnel t r a i n i n g  and i n s t r u c t i o n  i n  t h e  hazards and c o n t r o l s  o f  
r a d i o a c t i v e  m a t e r i a l s  commensurate w i t h  t h e  workers 's  d u t i e s  and 
r e s p o n s i b i l i t i e s  f o r  handl ing m a t e r i a l s ,  and w i t h  the  e x t e n t  o f  
a n t i c i p a t e d  worker exposure. 

Mon i to r i ng  devices a re  worn by a l l  s i t e  personnel who may become occupation
a l l y  exposed t o  i o n i z i n g  r a d i a t i o n .  A long-term reco rd  o f  cumulat ive personnel 
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exposures is maintained through the use of film or thermoluminescent dosimeter 

(TLD) badges. These are replaced, analyzed, and the resulting exposures

reviewed and recorded on a periodic basis (usually on a monthly or quarterly

schedule). Monitoring badges are replaced and analyzed whenever there is 

reason to believe that an employee may have received an unusually high radiation 

dose. Pocket dosimeters are also worn by site personnel and are used to 

provide an indication of radiation exposures over shorter time periods. These 

basic monitoring devices may, depending upon the circumstances, be supplemented

by additional equipment such as electronic dose ratemeters, finger or wrist 

monitoring badges, or/and continuous air samplers. 


3 . 6 . 3 . 6  Security 

The site security program i s  needed both for radiation health and safety
considerations as well as to protect the many thousands o f  dollars worth of 
equipment, buildings, and facilities located onsite. The security program at 
the base case facility is assumed to include the following: 

o Full-time security personnel and a security training program; 

o 	 Controlled access and exit from site areas including fencing and 
lighting, material gate passes, badge control, personnel and vehicle 
search procedures, and lock and key control; 

o 	 Radio and telephone communication ability.withemergency and law 
enforcement agencies; 

o 	 Identification badges and dosimetry for site employees and visitors; 
and 

o 	 Procedures for notifying site personnel and local authorities in the 
event of an emergency in compliance with federal and state regula
tions and conditions. 

3 . 6 . 3 . 7  Recordkeeping and Reporting 

A number of records are assumed to be maintained at the site to cover the 
areas required by NRC regulations, operational controls, and for future use. 
Records which are assumed to be maintained at the facility include: 

o Personnel exposures; 

o Waste receipt and disposal records; 

o Personnel training records; 

o Records from the QA program; 

o Environmental monitoring data; 

o Operating procedures; and 

o Records o f  site surveillance and monitoring. 
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3.6.3.8 Quali t y  Assurance 

The q u a l i t y  assurance (QA) program a t  t h e  s i t e  p rov ides  q u a l i t y  c o n t r o l  and 
t r a i n i n g  support  t o  t h e  d isposal  s i t e  operat ions.  The QA program inc ludes  t h e  
f o l l o w i n g  areas: 

0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


personnel  mon i to r ing ;  


t r a i n i n g ;  


emergency d r i l l s  and equipment; 


contaminat ion c o n t r o l ;  


work ing procedures; 


s i t e  maintenance; 


s i t e  groundskeepi ng; 


waste r e c e i p t ,  inspec t ion ,  storage, and d isposal  ; 


r a d i a t i o n  ins t rument  care and c a l i b r a t i o n ;  


environmental  monit o r i  ng; 


s e c u r i t y ;  


c o n s t r u c t i o n  o f  d isposal  t renches; 


c losu re  and s t a b i l i z a t i o n ;  and 


recordkeepi  ng 


3.6.4 Faci  1it y  C1osure and Long-Term S i t e  Contro l  

F i n a l  c losu re  i s  assumed t o  r e q u i r e  approximately one t o  two years and invo lves  
d i sman t l i ng  and decontaminat ion o f  s i t e  b u i l d i n g s ,  d isposal  o f  wastes produced 
d u r i n g  dismantlement and decontaminat ion operat ions,  and f i n a l  s i t e  seeding 
and contour ing.  The f i n a l  d isposal  t renches a re  f i l l e d ,  capped, graded, and 
seeded w i t h  a grass cover. The t rench  covers a re  l e f t  mounded. The l i censee 
a l s o  makes a f i n a l  survey o f  t h e  d isposa l  area t o  make sure d i r e c t  r a d i a t i o n  
l e v e l s  a re  a t  e s s e n t i a l l y  background l e v e l s .  

Fo l l ow ing  c losure ,  t h e  d isposal  l i c e n s e  i s  te rmina ted  and c o n t r o l  o f  t h e  s i t e  
i s  t r a n s f e r r e d  t o  t h e  s i t e  owner. For t h i s  E I S ,  t h e  s i t e  owner i s  assumed t o  
be a s t a t e  agency which c a r r i e s  o u t  an a c t i v e  i n s t i t u t i o n a l  c o n t r o l  program of 
su rve i l l ance ,  mon i to r i ng  and maintenance f o r  100 years.  A c t i v i t i e s  which take  
p lace  d u r i n g  t h e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  i nc lude  s i t e  inspec t ion ,  mainte
nance and s i t e  moni tor ing.  Due t o  t h e  compressible na ture  o f  much of t h e  
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wastes disposed o f  a t  t h e  base case s i t e  and l i m i t e d  compaction du r ing  opera t ions ,  
a h igh  degree o f  subsidence and slumping problems occur a t  t h e  s i t e .  Base case 
s i t e  maintenance i s ,  t h e r e f o r e ,  expected t o  be s i g n i f i c a n t .  The maintenance 
a c t i v i t i e s  r e q u i r e d  d u r i n g  t h i s  t ime  p e r i o d  main ly  i n v o l v e  r e p a i r  o f  slumping, 
subsidence and o the r  d i  sposal t rench  ins tab i  1i t y  p r o b l  ems. Dur ing t h i  s phase, 
environmental s u r v e i l l a n c e  and mon i to r i ng  o f  t h e  d isposa l  f a c i l j t y  cont inues. 

3.6.5 Reference Disposal Fac i  1it y  Costs 

Cost est imates f o r  c a p i t a l  ou t l ay ,  ope ra t i ona l  a c t i v i t i e s ,  and pos topera t iona l  
a c t i v i t i e s  a re  p rov ided  i n  t h i s  s e c t i o n  as a bas i s  f o r  comparison w i t h  t h e  
cos ts  o f  a l t e r n a t i v e s .  A summary o f  t h e  t h r e e  major components o f  t he  cos ts  
f o r  re fe rence f a c i l i t y  c a p i t a l  o u t l a y ,  opera t ions ,  and pos topera t ions  are 
d e t a i l e d  i n  Table 3.6. 

The c a p i t a l  o u t l a y  expended by the  d isposa l  company inc ludes  t h e  cos ts  o f  s i t e  
s e l e c t i o n ,  environmental impact s tud ies ,  o b t a i n i n g  l i censes  and pe rm i t s ,  t he  
purchase p r i c e  o f  t h e  acqu i red  land,  road and b u i l d i n g  cons t ruc t i on ,  engineer
i n g  design fees, and p e r i p h e r a l  systems such as fencing, l i g h t i n g ,  and mon i to r i ng  
system components. The eng ineer ing  design fees t o t a l  10 percent  o f  t h e  c a p i t a l  
c o n s t r u c t i o n  costs .  The acqu i red  200 acres a re  assumed t o  be purchased a t  a 
p r i c e  o f  $12OO/acre. The s i t e  b u i l d i n g s  are  cons t ruc ted  a t  cos ts  rang ing  from 
$10 / f t2  (s to rage shed) t o  $50 / f t 2  (waste a c t i v i t i e s  b u i  I d i n g )  w i t h  an average 
b u i l d i n g  c o s t  o f  $36/ f t2 .  

The opera t i ona l  cos ts  i nc lude  t h e  c o s t  o f  t rench  cons t ruc t i on ,  equipment 
l eas ing ,  ope ra t i on  and maintenance cos ts  f o r  t h e  equipment, p a y r o l l ,  and 
mon i to r i ng  serv ices .  T elements o f  t rench  c o n s t r u c t i o n  i nc lude  excavat ion,  
sump and standpipe cons u c t i o n ,  French d r a i n  i n s t a l l a t i o n ,  b a c k f i l l i n g ,  
compacting, l a n d  c lear in 'Eand grubbing, and revege ta t i on  (seeding arid f e r t i l i z i n g ) .  
A l l  equipment i s  assumed t o  be leased d u r i n g  t h e  20 years o f  opera t ion .  The 
annual p a y r o l l  f o r  t h i s  d isposa l  company i s  $1.13 m i l l i o n  f o r  t h e  70 employees. 
A l l  radiochemical  mon i to r i ng  analyses are  performed by a subcont rac tor  and 
these cos ts  a re  i nc luded  i n  operat ions.  

The c o s t  o f  pos topera t i ona l  a c t i v i t i e s  i nc lude  c losu re ,  s t a b i l i z a t i o n  and 
long-term care. The c losu re  and s t a b i l i z a t i o n  program f o r  t h e  re fe rence s i t e  
i s  s i m i l a r  t o  t h e  "minimum p lan"  f o r  t h e  humid eas tern  s i t e  descr ibed i n  
NUREG/CR-0570 (See Appendix Q ) .  The minimum p l a n  cos ts  approximately 
$1m i l l i o n .  

The i n s t i t u t i o n a l  c o n t r o l  o r  long-term care  program f o r  t h e  re fe rence s i t e  i s  
c a r r i e d  o u t  over a POO-year p e r i o d  and inc ludes  l abo r ,  m a t e r i a l ,  and equipment 
cos ts .  Dur ing  t h e  f i r s t  ( ten)  years o f  t h e  a c t i v e  i n s i t u t i o n a l  c o n t r o l  pe r iod ,  
t h e  annual cos ts  o f  care  are  a t  t h e i r  h ighes t .  As t h e  s i t e  matures, t h e  
r e q u i r e d  cos ts  d imin ish .  The annual long-term cos ts  f o r  years zero through 1 0  
( 0 - l o ) ,  11 through t w e n t y - f i v e  (11-25), and twenty -s ix  through one hundred 
(26-100) a re  $440 thousand, $302 thousand, and $150 thousand, r e s p e c t i v e l y .  
The types o f  a c t i v i t i e s  which are  c a r r i e d  o u t  du r ing  t h e  long-term care program 
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Table 3.6 To ta l  Reference S i t e  Costs 

D i r e c t  Cap i ta l  Costs (p recons t ruc t i on  and cons t ruc t i on )  

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

10. 

11. 
12. 
13. 
14. 


15. 

S i t e  s e l e c t i o n  

Environmental impact s tud ies  

NRC l i c e n s i n g  fees 

Other l i censes  and pe rm i t s  

Land a c q u i s i t i o n  (200 acres @ $1200/acre) 

Corporate a d m i n i s t r a t i o n  

Const ruc t ion  a d m i n i s t r a t i o n  

Legal fees 

Road c o n s t r u c t i o n  

I n i t i a l  l a n d  p repara t i on  (40 acres @ $1145/acre) 

O f f i c e  and o t h e r  miscel laneous equipment 

B u i l d i n g  c o n s t r u c t i o n  

U t i l i t i e s  and supp l ies  d u r i n g  c o n s t r u c t i o n  

Per iphera l  systems ( fenc ing ,  l i g h t i n g ,  u t i l i t i e s  


i n s t a l l a t i o n ,  telephone, e t c .  
Engineer ing and design (10% o f  i tems 9 ,  12 and 14) 

To ta l  : 

I n d i r e c t  Cap i ta l  Costs 

I n t e r e s t  d u r i n g  c o n s t r u c t i o n  
Contingency 
Other Costs ( insurance, sa les  tax )  

To ta l  : 

Annual f i x e d  c a p i t a l  charge r a t e  f o r  20 years 

Assumed p r o f i t  margin 

TOTAL CAPITAL COSTS 

D i r e c t  cos ts  x i n d i r e c t  cos ts  x 
annual f i x e d  charge x p r o f i t  

7,452,050 x 1.73 x 0.25 x 20 x 1.20 = 

-~ 

(1980$) 
500,000 
600,000 
325 ,000 
250,000 
240,000 

1,625 ,250 
450,450 

1,000,000 
200,000 
45,800 

400,000 
1,173,250 

175 ,000 

300,000 
167,300 

7 452,050 

Percentage o f  
D i r e c t  Costs 

33% 
30% 
10%-
73% 

25% 

20% 

77,352,300 
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Tab1e 3.6 (Continued) 

Direct operational costs over 20 years 
1. Operations and maintenance 

2. Qisposal trench materials 
3. Heavy equipment 
4. 	 Payroll:

Base 
Fringe
Overhead 

5. Corporate administration (300k/yr) 
6. Legal fees (150k/yr) 
7. Environmental monitoring 
8. Regulatory costs 
9. Consumables (utilities, fuel, etc. - 200k/y r) 

Total: 

Indirect operational costs 


Assumed profit margiQ 


TOTAL OPERATIONAL COSTS 


Operational costs x indirect costs x profit 
68,875,000 x 1.30 x 1.20 = 

Postoperational Costs* 


1. Closure and stabilization 
(Cost over 20 years including inflation 
and surety) 

3. Institutional Control - 100 Years 

TOTAL POSTOPERATIONAL COSTS 


TOTAL REFERENCE SITE COSTS 


Total Capital Costs plus Total Operational Costs 

plus Total Postoperational Costs 


UNIT DISPOSAL COSTS 

Total reference site costs (223,037,300) = 
Total volume of waste over 20 year operation
period (lo6 m3) 

4 626,500 
124,200 

12,228,000 

22,560,000 
2,256,000 

12,408,000 
6,000,000 
3,000,000 

534,000 
1,138 000 
4,000 000 

68,875,000 

30% 

20% 

107,445,000 

3,640,000 

34,600,000 

38,240,000 

223,037,300 

223/m3 ($6 .31/ - f t3)  

"Postoperational costs have been calculated based on a 9% inflation rate and 
10% interest rate to reflect the actual costs to customers in 1980. 
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i nc lude  e ros ion  r e p a i r ,  vege ta t i on  management, subsidence r e p a i r ,  s i t e  access 
and drainage maintenance, s u r v e i l l a n c e  and mon i to r ing .  

3.7 ALTERNATIVE WASTE DISPOSAL OPTION4 

NRC a l s o  analyzed a range i n  s i t e  c h a r a c t e r i s t i c s  and methods o f  design and 
opera t i on  t h a t  cou ld  be a p p l i e d  i n  the  near-surface d isposa l  o f  LLW. Some o f  
t h e  v a r i a t i o n s  i nc luded  d i f f e r e n c e s  i n  environmental and s i t e  parameters. 
Others i nc luded  t h e  s p e c i f i c  methods used f o r  t h e  design and c o n s t r u c t i o n  o f  
t h e  d isposa l  f a c i l i t y  i n c l u d i n g  t h e  method o f  d isposa l  (e .g. ,  t rench  w i t h  
n a t u r a l  s o i l  w a l l s ,  t rench  w i t h  concrete w a l l s ) ,  t ype  o f  cover ( e - g . ,  soil, 
concrete) and whether spec ia l  eng ineer ing  designs were used f o r  t h e  d isposa l  
o f  p a r t i c u l a r  wastes (e.g., s l i t  t renches, caissons and tubes f i l l e d  w i t h  
Concrete). Others i nc luded  t h e  procedures used f o r  ope ra t i on  and placement o f  
t h e  waste i n c l u d i n g  whether the  waste was randomly dumped o r  n e a t l y  stacked, 
segregat ion o f  p a r t i c u l a r  wastes due t o  unique c h a r a c t e r i s t i c s ,  t ype  o f  b a c k f i l l ,  
and s t a b i l i z a t i o n  and c losu re  measures. Other aspects t h a t  a l s o  had t o  be 
considered were how much care a p a r t i c u l a r  d isposa l  f a c i l i t y  migh t  r e q u i r e  
a f t e r  c losure ,  and how long  a c t i v e  i n s t i t u t i o n a l  c o n t r o l s  would be i n  e f f e c t  
a t  t h e  f a c i l i t y .  

3.7.1 Grouping o f  A1t e r n a t i v e s  

NRC genera l i zed  t h e  var ious  parameters which cou ld  be grouped t o  descr ibe  
a l t e r n a t i v e  s i t e  environments, methods o f  design, opera t ion  and c losure ,  and 
pos topera t i ona l  i n s t i t u t i o n a l  c o n t r o l  a c t i v i t i e s  i n t o  1 3  ca tegor ies  as fo l l ows :  

1. 	 Region - The reg ion  s p e c i f i e s  t h e  geographic l o c a t i o n  o f  t h e  d isposa l  
f a c i l i t y .  (e.g., nor theas t ,  southeast) and as such determines a l l  
o f  t h e  environmental p r o p e r t i e s  t h a t  w i l l  be used i n  t h e  ana lys i s .  
Four reg ions  were se lec ted  (Northeast,  Southeast, Midwest, and West) 
Environmental p r o p e r t i e s  common t o  each were se lec ted  f o r  use i n  t h e  
analyses. 

2. 	 Design - Two p r i n c i p a l  design op t i ons  are  considered; use o f  a 
“ r e g u l a r ”  t rench  dug i n  t h e  s o i l  and use o f  a concrete w a l l e d  t rench.  

3. 	 Cover - Three p r i n c i p a l  cover designs are considered: t h i n ,  denoted 
by 1 meter o f  cover below grade and 1 meter o f  cover above grade; 
t h i c k ,  denoted by 1 meter o f  cover below grade and 2 meters o f  
compacted c ? a y  cover above grade, and i n t r u d e r  b a r r i e r ,  denoted by a 
5-meter t h i c k  above grade h i g h l y  engineered cover. 

4. Emplacement Method - Three emplacement a l t e r n a t i v e s  are  considered: 

o 	 Random, which s imply i nvo l ves  dumping t h e  waste d i r e c t l y  i n t o  
t h e  d isposa l  c e l l  (a subset o f  t h i s  case i s  use o f  a h i g h l y  
permeable b a c k f i l l ) ;  

o 	 Stacked, which i nvo l ves  s t a c k i n g  waste conta iners  i n  neat  p i l e s  
(again, a subset o f  t h i s  case i s  use o f  a h i g h l y  permeable 
b a c k f i l l ) ;  and 
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o 	 Decontainerized which involves removing wastes from containers 
before disposal. In this case, structurally stable wastes in 
containers are randomly disposed and other low activity
structurally unstable wastes are removed from their containers 
for disposal. 

5. 	 Layering - Layering involves the placement of selected higher activity 
waste streams on the bottom of disposal cells. 

6 .  	 Segregation - Segregation involves the segregation and disposal in 
separate disposal cells of compressible wastes and those containing
organic chemicals or radionuclide complexing chemicals. 

7. 	 Grouting - Grouting involves the use o f  concrete as a backfill 
material in place of natural soil. 

8 .  	 Hot Waste Facility - A hot waste facility is a specialized disposal
cell that would be used for higher activity wastes. 

9. 	 Stabi ization - Stabilization denotes the extent to which disposal
units are stabilized during operations, and during and after closure. 

Three stab lization measures are considered: 


o 	 A program in which no special compaction procedures are used 
except for the weight of heavy equipment; 

o 	 A program in which improved compaction techniques such as 
sheepsfoot rollers and vibratory compaction are used; and 

o 	 A program involving dynamic compaction or similar extreme 
measures. 

10. 	 Closure - Two types of actions implemented during the closure period 
are considered. One involves the application of standard practices
such as dismantlement and decontamination of site buildings, disposal
of any wastes generated, final contouring of the site, revegetation,
final radiation surveys and other actions as set out in the NRC 
Branch Technical Position on Site Closure and Stabilization. The 
second involves the application of more extreme measures (in addition 
t o  the regular measure discussed above) including stripping of 
disposal unit covers, compaction using sheepsfoot rollers or similar 
measures, backfilling, recovering and revegetation of covers. 

11. Care Level - Care level refers to the amount of active maintenance 
that will have to be carried out during the active institutional 
control period based on the design and operational procedures used 
at the facility. Three levels o f  care are considered: 
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o Routine s u r v e i l l a n c e  and minor maintenance; 

o 	 Rout ine s u r v e i l l a n c e  w i t h  some a c t i v e  maintenance such as 
p e r i o d i c  cover r e s t a b i l i z a t i o n ;  and 

o 	 Major s t a b i l i z a t i o n  and remedial a c t i o n s  such as a c t i v e  t rench  
pumping and leachate t reatment  programs. 

12. 	 Postoperat ional  Pe r iod  - The pos topera t i ona l  p e r i o d  denotes t h e  t ime 
between cessa t ion  of a c t i v e  d isposal  ope ra t i on  t o  assumption o f  
c o n t r o l  by t h e  s i t e  owner. It inc ludes  the  t ime  r e q u i r e d  t o  c lose  
t h e  s i t e  and any p e r i o d  of  observat ion be fo re  assumption o f  c o n t r o l  
by t h e  s i t e  owner. 

13. 	 A c t i v e  I n s t i t u t i o n a l  Con t ro l  Pe r iod  - T h i s  p e r i o d  i s  t h e  t ime  between 
t r a n s f e r  o f  c o n t r o l  o f  t h e  s i t e  t o  t h e  s i t e  owner and t h e  t ime a t  
which i n s t i t u t i o n a l  c o n t r o l s  a re  assumed t o  cease. 

3.7.2 Impact Measures 

Impact measures c a l c u l a t e d  by NRC f o r  t h e  d isposal  o f  waste i n c l u d e  t h e  costs  
f o r  t h e  des ign and opera t i on  o f  t h e  d isposal  f a c i l i t y  i n c l u d i n g  a f i x e d  r e t u r n  
on investment; cos ts  t o  c l o s e  t h e  f a c i l i t y  and t o  care f o r  i t  over the  l o n g  
term; energy use; l a n d  use and commitment; occupat ional  exposures; and exposures 
LO i n d i v i d u a l s  and popu la t i ons  due t o  i n a d v e r t e n t  c o n t a c t  w i t h  t h e  disposed 
waste a t  a f u t u r e  t ime  and due t o  long-term releases t o  t h e  environment. 
These a r e  discussed i n  f u r t h e r  d e t a i l  below. 

3.8 IMPACT MEASURES USED AND METHOD QF CALCULATIONS 

Impact measures can be grouped i n t o  two categor ies:  

1. 	 Bene f i t s ,  c o n s i s t i n g ,  f o r  example, o f  t h e  value o f  goods and serv ices 
produced through t h e  u t i l i z a t i o n  o f  r a d i o a c t i v e  m a t e r i a l  t h a t  r e s u l t s  
i n  generat ion o f  t h e  waste o r  t h e  r e d u c t i o n  i n  h e a l t h  and environmental 
hazards presented by t h e  waste through a p p l i c a t i o n  of a s p e c i f i c  
d isposal  technique; and 

2. 	 Costs, c o n s i s t i n g  f o r  example, o f  t h e  costs  t o  dispose o f  t h e  waste 
and t h e  p o t e n t i a l  environmental and human h e a l t h  hazards c rea ted  by 
t h e  LLW. 

D i r e c t  b e n e f i t s  t o  s o c i e t y  from t h e  generat ion of LLW are  t h e  va lue o f  t h e  
goods and se rv i ces  produced through t h e  u t i l i z a t i o n  o f  r a d i o a c t i v e  m a t e r i a l s  
and i n c l u d e  monetary and nonmonetary b e n e f i t s .  These goods and serv ices 
encompass a wide range from consumer products  (e.g., luminous w r i s t  watches 
and smoke de tec to rs )  and energy (e.g., e l e c t r i c i t y  from nuclear  power p l a n t s )  
t o  l e s s  economical ly measureable goods (advances i n  s c i e n t i f i c  research 
a c t i v i t i e s )  and serv ices ( h e a l t h  b e n e f i t s  from nuclear  medicine procedures). 
Other b e n e f i t s  assoc iated w i t h  t h e  use o f  r a d i o a c t i v e  m a t e r i a l  would i nc lude  
t h e  s a l a r i e s  o f  persons employed i n  t h e  nuc lear  o r  r a d i o i s o t o p e  i n d u s t r y ,  and 
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l o c a l  and reg iona l  socioeconomic b e n e f i t s  such as an increased t a x  base. 
B e n e f i t s  t o  s o c i e t y  and t h e  natural* 'environment de r i ved  f r o m  those invo lved  i n  
t h e  d isposal  o f  waste and t h e  r e g u l a t i o n  o f  these a c t i v i t i e s  are the  p r o v i s i o n  
o f  goods and se rv i ces  f o r  t h e  safe d isposal  o f  r a d i o a c t i v e  waste and the  
r e d u c t i o n  i n  p o t e n t i a l  environmental and human h e a l t h  hazards. 

D i r e c t  cos ts  t o  s o c i e t y  would be t h e  c r e a t i o n  o f  t he  LLW and i t s  a t tendan t  
p o t e n t i a l  environmental and human h e a l t h  hazards and t h e  sho r t - and long-term 
f i n a n c i a l ,  governmental, human and n a t u r a l  resources used t o  p r o p e r l y  dispose 
o f  t h e  waste. Persons w i l l  be exposed t o  t h e  waste as i t  i s  be ing t ranspor ted  
and a f t e r  d isposal  through p o t e n t i a l  re leases from t h e  s i t e .  A t  any s p e c i f i c  
d isposal  s i t e ,  t he  l o c a l  ground water,  b i o t a  and animal species w i l l  be a f f e c t e d  
by s i t e  operat ion.  And, f u e l  w i l l  be consumed i n  t r a n s p o r t i n g  t h e  waste t o  a 
d isposal  s i t e  and i n  powering equipment a t  t h e  s i t e  i n v o l v e d  i n  s i t e  operat ions.  
F i n a l l y ,  t h e  c o s t  f o r  d isposal  o f  t h e  waste w i l l  be r e f l e c t e d  i n  t h e  c o s t  f o r  
goods and se rv i ces  p rov ided  by those generat ing t h e  waste. 

Thus, i t  i s  q u i t e  d i f f i c u l t  t o  accu ra te l y  assess t h e  c o s t  and b e n e f i t  impacts 
on t h e  many segments o f  t h e  environment i n v o l v e d  because many a re  nonmonetary 
(e.g., improved we l l -be ing  due t o  improved d iagnosis  through nuc lear  medicine) 
and i n  many cases a small  p a r t  o f  a much l a r g e r  o v e r a l l  c o s t  (e.g., t h a t  
p o r t i o n  o f  e l e c t r i c a l  usage charges a t t r i b u t e d  t o  t h e  d isposal  o f  LLW). It i s  
e q u a l l y  d i f f i c u l t  t o  q u a n t i f y  t h e  impacts o f  a p p l i c a t i o n  o f  t h e  r u l e  on the  
p h y s i c a l  and l o c a l  socioeconomic environment (e.g., ground water, ecology, 
l o c a l  taxes) s ince t h e  impacts can o n l y  be analyzed based upon a s p e c i f i c  r e a l  
s i t e .  F i n a l l y ,  g iven t h e  r a t h e r  l a r g e  and d i ve rse  nature o f  t h e  a f f e c t e d  
environment, a r a t h e r  l a r g e  number o f  p o t e n t i a l  f a c t o r s  can be i d e n t i f i e d  
which cou ld  be used t o  q u a n t i f y  environmental impacts. I n  t h i s  E I S ,  NRC has 
at tempted t o  i d e n t i f y  impor tan t  segments o f  t h e  environment (both d i r e c t  and 
i n d i r e c t )  t h a t  l e n d  themselves w e l l  t o  gener ic  t reatment ,  t h a t  can be e a s i l y  
q u a n t i f i e d  based upon e x i s t i n g  i n fo rma t ion ,  and which p rov ide  a reasonable 
measure o f  t h e  sho r t - and long-term p o t e n t i a l  impacts t h a t  c o u l d  be expected 
from implementat ion o f  a s p e c i f i c  a l t e r n a t i v e  course o f  a c t i o n  t h a t  might  be 
s e t  o u t  as a requirement i n  t h e  new r e g u l a t i o n .  

3.8.1 Impact Measures Used 

NRC's o v e r a l l  goal i s  t o  assure p r o t e c t i o n  o f  t h e  p u b l i c  h e a l t h  and s a f e t y  and 
environment. I n  cons ide r ing  r a d i o a c t i v e  waste d i sposa l ,  t h i s  goal f a l l s  i n t o  
two t ime  frames: (1) p r o t e c t i o n  o f  workers and t h e  p u b l i c  d u r i n g  the  shor t - term 
opera t i ona l  phase and, (2) p r o t e c t i o n  of t h e  p u b l i c  h e a l t h  and s a f e t y  over t h e  
l o n g  term a f t e r  operat ions cease. Each o f  t h e  e x i s t i n g  d isposal  s i t e s  was 
l i c e n s e d  on a case-by-case bas is .  As w i t h  o the r  nuc lear  f a c i l i t i e s ,  emphasis 
was p laced on p r o t e c t i o n  o f  t h e  p u b l i c  h e a l t h  and s a f e t y  focus ing  p r i n c i p a l l y  
on opera t i ona l  s a f e t y  and r a d i o a c t i v i t y  releases and exposure o f  o f f s i t e  
i n d i v i d u a l s  and populat ions.  There was a tendency t o  focus on opera t i ona l  
s a f e t y  a t  t h e  d isposal  s i t e s  w i t h ,  perhaps, l e s s  a t t e n t i o n  g iven t o  t h e  long-term 
performance o f  t h e  d isposal  f a c i l i t y ,  Disposal f a c i l i t i e s  i n v o l v e  some q u i t e  
d i f f e r e n t  cons iderat ions than those a p p l i e d  t o  o the r  nuc lear  f a c i l i t i e s .  A t  
t h e  end of t h e i r  ope,rat ing l i f e ,  (e.g., 40 years) o the r  nuc lear  f a c i l i t i e s  a re  
decommissioned, decontaminated and re leased f o r  u n r e s t r i c t e d  use. Disposal 
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f a c i l i t i e s ,  however, a l though i n v o l v i n g  considerat ions o f  s a f e t y  d u r i n g  i t s  
r e l a t i v e l y  s h o r t  ope ra t i ng  l i f e  (e.g., 20-40 years),  a re  r e l i e d  upon f o r  
s i g n i f i c a n t l y  longer  pe r iods  o f  t i m e  (e.g., several  hundred years a f t e r  waste 
emplacement) t o  per form t h e i r  f u n c t i o n  o f  c o n f i n i n g  waste w i t h  reasonable 
assurance over t h e  t ime  t h e  waste presents  a s i g n i f i c a n t  p o t e n t i a l  hazard t o  
t h e  p u b l i c  h e a l t h  and sa fe ty .  

Thus, s a f e t y  must be assured d u r i n g  t h e  shor t - term opera t i ona l  phase r e l a t i n g  
t o  o n s i t e  occupat ional  exposures and exposure t o  i n d i v i d u a l s  and popu la t i ons  
o f f s i t e  as w e l l  as over the  l o n g  term r e l a t i n g  t o  exposures t o  i n d i v i d u a l s  and 
popul a t i  ons. 

I n  a d d i t i o n ,  t h e  long-term s o c i a l  commitment must be considered. For example, 
maintenance operat ions a t  some e x i s t i n g  s i t e s  r e q u i r e  an expendi ture o f  manpower 
and money t o  ma in ta in  t h e  s i t e  and t o  minimize impacts from p o t e n t i a l  o f f s i t e  
releases. Such " a c t i v e "  mai ntenance operat ions i n v o l v e  a d d i t i o n a l  expendi tures 
which were n o t  foreseen nor  planned a t  t h e  t ime  t h a t  t h e  d isposal  f a c i l i t y  was 
opened. They i n v o l v e  long-term s o c i a l  commitment i n  terms o f  manpower and 
money t h a t  was n o t  planned f o r  and which i s  d i f f i c u l t  t o  assess i n  terms o f  
how long  such programs must be r e l i e d  on t o  assure cont inued s a f e t y  o f  t he  
s i t e .  The f u n c t i o n  o f  an LLW disposal  f a c i l i t y  should be t o  assure t h a t  t h e  
p u b l i c  h e a l t h  and s a f e t y  i s  p r o t e c t e d  w i t h o u t  t h e  need f o r  long-term s o c i a l  
commitment i n  the  form o f  " a c t i v e "  maintenance programs a t  the s i t e s .  

Long-term s o c i a l  commitment i s  a l s o  impor tan t  when cons ide r ing  f u t u r e  use o f  a 
d isposal  f a c i l i t y  and i n t r u s i o n .  F o r  example, governmental e n t i t i e s  can 
cont inue t o  exe rc i se  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  over a d isposal  f a c i l i t y  
a f t e r  c l o s u r e  ( i . e . ,  cont inue t o  a c t i v e l y  and p h y s i c a l l y  c o n t r o l  access t o  t h e  
s i t e )  f o r  an i n d e f i n i t e  t i m e  a f t e r  c losure.  How long, however, should such 
c o n t r o l s  l a s t ?  I f  they  l a s t  i n d e f i n i t e l y ,  t h e  long-term cos ts  and s o c i a l  
commitment o f  f u t u r e  generat ions would be very high. I f  they were n o t  r e l i e d  
upon a t  a l l ,  t h e  cos ts  f o r  d isposal  o f  low a c t i v i t y  wastes would be very high. 
Thus, cons ide ra t i on  o f  long-term s o c i a l  commitment i s  impor tant  such t h a t  
i n s t i t u t i o n a l  c o n t r o l s  a p p l i e d  a t  a d isposal  f a c i l i t y  a re  s u f f i c i e n t l y  l o n g  t o  
a l l o w  most wastes t o  decay t o  acceptable l e v e l s  y e t  n o t  so l o n g  as t o  burden 
f u t u r e  generat ions.  

Given t h e  sho r t - and long-term s a f e t y  considerat ions,  t h e  p o t e n t i a l  exposure 
modes and need t o  consider  s o c i a l  commitment, t h e r e  a r e  f o u r  bas i c  performance 
o b j e c t i v e s  t h a t  should be achieved i n  t h e  d isposal  o f  LLW: 

1. 	 Long-term p r o t e c t i o n  of t h e  i n t r u d e r  cons ide r ing  t h e  need f o r  long-term 
s o c i a l  commitment; 

2. 	 Long-term p r o t e c t i o n  o f  t h e  p u b l i c  from p o t e n t i a l  re leases t o  t h e  
environment cons ide r ing  t h e  need f o r  long-term s o c i a l  commitment; 

3. Short- term p r o t e c t i o n  o f  workers and t h e  p u b l i c  w h i l e  t h e  s i t e  i s  i n  
operat ion;  and 
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4. Long-term s t a b i l i t y  and e l i m i n a t i o n  o f  t h e  need f o r  a c t i v e  maintenance. 

The f i r s t  two o b j e c t i v e s  p o i n t  ou t  t h e  need f o r  long-term s t a b i l i t y  and pre
d i c t a b i l i t y  i n  d isposal  f a c i l i t y  performance as w e l l  as cons ide ra t i on  of 
1ong-term s o c i a l  commitment. P o t e n t i a l  long-term re leases t o  t h e  environment 
and p o t e n t i a l  exposure o f  an i n t r u d e r  should be accomplished i n  such a manner 
t h a t  major s o c i a l  commitment i s  n o t  r e q u i r e d  and no undue burdens are p laced 
on f u t u r e  generat ions.  These, a t  t h e  same t i m e ,  need t o  be balanced w i t h  t h e  
costs  f o r  d isposal  t o  be borne by present  generat ions based on a range of  
a l t e r n a t i v e  approaches that. can be fo l l owed  t o  improve s a f e t y  i n  d isposal .  
Thus, t h e  method o f  c a l c u l a t i o n  developed and a p p l i e d  by NRC i n  t h i s  E I S  
c a l c u l a t e s  b o t h  shor t - term impacts t h a t  occur a t  t h e  p o i n t  o f  generat ion,  
d u r i n g  t r a n s p o r t ,  and d u r i n g  d isposal  operat ions;  and t h e  long-term impacts 
t h a t  occur a f t e r  t h e  d isposal  f a c i l i t y  c loses. These can be d i v i d e d  i n t o  
several  impact e v a l u a t i o n  f a c t o r s  as fo l l ows :  

1. 

2. 

3. 

4. 


5. 

6 .  

Short- term cos ts  t o  a waste generator f o r  processing, packaging, 
t r a n s p o r t  and d isposal  o f  t h e  waste; 

Short- term r a d i o l o g i c a l  impacts (occupat ional  and p u b l i c  exposures) 
due t o  processing, packaging, t r a n s p o r t ,  and d isposal  of waste; 

Long-term cos ts  t o  care f o r  t h e  s i t e  over t h e  l o n g  t e r m  a f t e r  opera
t i o n s  cease; 

Long-term r a d i o l o g i c a l  impacts ( p u b l i c  exposures) due t o  d isposal  o f  
t h e  waste; 

Energy consumed d u r i n g  processing, t r a n s p o r t  and d isposal  o f  t h e  
waste; and 

Land committed f o r  t h e  d isposal  o f  waste. 

Other p o t e n t i a l  impact measures such as man-hours expended and m a t e r i a l  requ i re 
ments (e.g., c l a y ,  g rave l ,  concrete,  e t c . )  are i m p l i c i t l y  i nc luded  i n  t h e  
above measures. NRC a l s o  assumed t h a t  no l a n d  i s  permanently committed d u r i n g  
waste process ing and t r a n s p o r t a t i o n  a c t i v i t i e s .  These impact measures can be 
grouped by t h e  th ree  p r i n c i p a l  phases o f  waste d isposal  d iscussed e a r l i e r ,  
namely: 

Waste Processing 

Costs ($) 
Occupational exposures 

(man-mrem) 
Fuel use (ga l l ons  o f  

f u e l  ) 
Populat ion exposures 

(man-mrem) 

Waste T ranspor ta t i on  

c o s t s  ($1 
Occupational exposures 

(man-mrem) 
Fuel use (ga l l ons  o f  

f u e l  ) 
Populat ion exposures 

(man-mrem) 

Waste Disposal 

Costs ($) 
Occupational exposures 

(man-mrem) 
Fuel use (ga l l ons  o f  

f u e l )  
Exposure t o  i n d i v i d u a l s  

and popu la t i ons  (mrem 
and man-mrem) 

Land use (m2> 
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Each of these are discussed in further detail below as a part of the description
of the method o f  calculation used. 

3.8.2 Method of Calculation 


The various ways that a person can be exposed to radioactive waste may be 

divided into three principal categories: 


1. 	 Activities involving the processing and handling of the waste prior 

to disposal. This would include activities involved in the handling,

processing, and packaging of the waste at its point of generation; 

transport of the waste from the point of generation to disposal; and 

activities at the disposal facility involving emplacement of the 

waste at the disposal facility (processing of waste at facilities 

other than the generating licensee's facility would also be included). 


2. 	 Man contacting the waste after disposal (i.e., intrusion into the 

disposal facility leading to exposure to disposed waste). This 

would include activities of man that would lead to his intruding

into the disposal facility either purposefully (such as an archeologist

in the future intentionally digging into the sites attempting to 

reclaim artifacts from the disposed waste) or inadvertently (such as 

an unknowing individual who might attempt to use the land for reasonable 

productive purposes in the future--e.g., farming or housing). 


3 .  	 The waste entering one o f  several natural environmental pathways
back to man (e.g., migration). This would include the potential
leaching and transport o f  the waste through the ground water; intrusion 
and dispersion by plants and animals; long-term erosion of the site 
with eventual uncovering of the waste and surface water and air 
transport; and release of gaseous decomposition products from the 
waste containing radioactive species (e.g., tritiated methane gas). 

The first mode involves primarily short-term considerations and the second and 
third, 1ong-term considerations. 

3.8.3 Waste Generation/Processing 


Short-term impacts calculated at the point of waste generation include occupa
tional exposures, population exposures, costs, and energy use. The impacts
due to processing of the waste are described in this section. The occupational 
exposures involved with the handling o f  the waste during loading are described 
in the following section regarding transportation. 

Waste processing options analyzed were divided into volume reduction processes

such as compaction, evaporation and incineration; and volume increasing techniques

such as solidification, addition of absorbent material and packaging. 


NRC assumed that only incineration would result in the release of significant
quantities of radioactivity to the environment and population exposures were 
calculated based upon fractional release rates for small (pathological) and 
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l a r g e  ( f l u i d i z e d  bed) i n c i n e r a t i o r s ;  whether t h e  process ing was done a t  t h e  
p o i n t  o f  generat ion o r  a t  a c e n t r a l  f a c i l i t y ;  and t h e  l o c a l  environment. 
I n s t i t u t i o n a l  f a c i l i t i e s  were assumed t o  be l o c a t e d  i n  an urban environment 
and a11 o the rs  in a r u r a l  env i  ronment. Occupational exposures were c a l  c u l  a ted 
based upon t h e  person-hours r e q u i r e d  t o  process t h e  waste and t h e  r a d i a t i o n  
f i e l d  assoc iated w i t h  t h e  general work environment. 

The amount o f  energy r e q u i r e d  t o  process the  waste was a l s o  determined and i s  
expressed i n  u n i t s  o f  g a l l o n s  o f  f u e l  consumed. Labor hours and costs  f o r  
process ing were a l s o  determined based upon pub l i shed  data. 

The u n i t  r a t e s  f o r  costs ,  energy use, and l a b o r  hours assumed f o r  t h e  processes 
considered i n  t h i s  EIS, compaction, evaporat ion,  i n c i n e r a t i o n  and s o l i d i f i c a t i o n  
a re  summarized i n  Table 3.7. 

Table 3.7 Summary o f  Processing Un i t  Impact Rates 

Process 

Compaction 
Regular 
Improved 
Hydraul ic Press 

Evaporat ion 

I n c i n e r a t i o n  
Pathol  og i  c a l  
F l u i d i z e d  Bed 

(smal l )  
F1u i  d i  zed 5ed 

( l a rge )  

S o l i d i f i c a t i o n  
Scenario A 
Scenario 5 
Scenario C 

c o s t  Labor Energy 
(1980 $1 (hours) (g of f u e l )  U n i t s  

335 15 4.6 Per m3 

503 15 416 o f  I n p u t  
1,006 15 4.6 

690 4.42 56.3 	 Per m3 
o f  I n p u t  

2,060 8 116 Per m3 
1,938 6.12 1.29 o f  I n p u t  

1,039 5.35 72 


1,200 17 47 Per m3 
1,700 14 39 o f  Output 
1,900 12 33 

3.8.4 Waste T ranspor ta t i on  

Impacts c a l c u l a t e d  d u r i n g  t r a n s p o r t a t i o n  o f  t h e  waste i n c l u d e  occupat ional  
exposures, p o p u l a t i o n  exposures, energy use and cost .  Also i nc luded  i n  t h i s  
subsect ion because o f  s i m i l a r i t i e s  are t h e  occupat ional  exposures i n c u r r e d  
d u r i n g  hand l i ng  o f  t h e  waste a t  t h e  p o i n t  o f  generat ion and a t  t h e  d isposal  
f a c i l i t y .  



3-48 


The occupational and population exposures incurred during transportation are 

calculated based on total loaded miles travelled and the number of loaded 

shipments (i.e., return trips when the vehicle is empty are excluded). The 

exposure rates used for occupational and population exposures incurred during

transportation are summarized below: 


~~ 

Population Doses Occupational Doses 

(person-mrem) (person-mrem) 


During transit per

shipment mile 0.018 0.02 


During stopover per

shipment 2.0 2.0 


The occupational exposure resulting from handling of the waste at the point o f  
waste generation were calculated based on the man-minutes required to load 
each container and the radiation field associated with the level of care 
required to handle the container. Occupational exposures were also calculated 
for the handling of waste at the disposal facility during disposal based on 

personnel time required for unloading and disposal and the radiation 

fields associated with the handling environment that the workers are exposed 

to. 


Other impact measures calculated involved costs for transportation which 
include a mileage charge, fuel surcharge, cask use rental charge and the 
energy use calculated based on the total shipment miles traveled assuming an 
average fuel consumption rate of  6 miles per gallon. 

3.8.5 Waste Disposal 


Impacts calculated at the point of disposal include occupational exposures,

population and individual exposures, costs for disposal, costs for long-term 

care, energy use and land use. 


The calculation of land committed for waste disposal is based on the volume of 
i sgosa l  o f ,  the method of waste emplacement and the particular design

of the disposal facility. 

aste disposal costs may be divided into two types of costs--design and operation

d postoperational costs. Design and operation costs represent fees 

the disposal facility operator to cover design and operation o f  the 
acility, and t o  receive a fixed return on investment. These include 

capital costs (costs associated with siting, designing, licensing, and initial 
construction of the disposal facility) and operational costs (costs associated 
with receipt and disposal o f  waste, as well as construction of disposal cells). 
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Postoperational costs include costs for (1) facility closure, and (2) long-term 
care by the site owner. Included in the postoperational costs are costs 
associated with acquisition by the licensee o f  surety bonds, letters of credit, 
or other financial instruments which are used to provide assurance to the site 
owner that funding for closure and long-term care will be available. 

Occupational exposures are calculated in two phases: the exposures to waste 
handlers who unload and dispose of the waste (discussed in the preceeding
section) and occupational exposure of other site personnel performing routine 
operational and administrative functions not directly connected with waste 
handling. Occupational exposures, costs and energy consumption are related to 
the volume o f  waste disposed of, operational practices, and the design of the 
facility. Unit impact measures were calculated for the base case facility
described in Appendix E and for the variations described in Appendix F. They 
are summarized in Table 3 . 8 .  The specific exposure pathways analyzed regarding
disposal of the waste and the short- and long-term radiological impacts, and 
other costs of disposal are discussed in detail in Chapters 4, 5 and 6. Chapter 4 
addresses exposure of an intruder, Chapter 5 addresses long-term environmental 
releases, and Chapter 6 addresses short-term releases during operations and 
processing of waste at a centralized regional processing facility. 

The methodology calculates: 


o 	 the occupational exposures and the exposures to the members of the 
public (individuals and population) resulting from the disposal o f  
LLW; 

o 	 the occupational and the population exposures resulting from the 
processing of the waste by the waste generators or by the operators
of a centralized regional processing facility (assumed to be at the 
disposal-site), and the transportation o f  the waste from the waste 
generators to the disposal site; 

o 	 the costs and the energy use associated with processing, transportation,
and disposal of LLW; and 

o the land area committed to disposal of LLW. 

For waste processing purposes, population doses are limited to exposures due 
to airborne releases from waste incineration o r  calcination. For waste disposal,
the calculational methodology determines the following exposures: 

o Ground-water migration 

-	 To an individual (an intruder) from a well located on the 
disposal facility following the end of the active institutional 
control period. 

-	 To an individual from a well located at the disposal facility
site boundary. 



-- 
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Table 3.8 Unit Rates for Impact Measures 

cost Occupational* Energy Use 
(thousand Exposure (thousand 
1980 $) (person-mrem) gallons) Units** 

7,452 212 Lump Sum 

594 Lump Sum 

Activity 


Preoperational 


Reference Base Case 

Additive Alternatives? 

Walled Trench 

Stacking

Segregation

Layering

Decontainerized Disposal 


226 Lump Sum 
1 Lump Sum 
132 Lump Sum 
924 Lump Sum 
260 Lump Sum 

55 Lump Sum 
281 Lump Sum 

10 Lump Sum 

Hot Waste Facility

Grouting

Intruder Barrier 

Extreme Stabilization 


Operational 


Reference Base Case 

Trench (-Cover) 2 ,341 300 200 Disposal Vol . 
Regular Cover 1,420 2,400 100 Disposal Area 
Other 63 ,696 1,000 200 Lump Sum 

Additive Alternatives? 
Walled Trench 74 ,438 700 300 Disposal Vol . 
Stacking 12 ,758 100 100 Total Waste 

VOl. 
Segregation 3,888 100 30 Total Waste 

VOl. 
Layering 15,400 -100 30 Vol. Disp.

by Layer
Decontainerized Disposal 48,975 400 100 Vol. Disp.

by Decon 
Hot Waste Facility 


Grouting

Sand Backfill 

Cover Options

Thick 

Intruder Barrier 

Moderate 

Stabi1i zation 


Extreme 

Stabilization 


176 ,979 -200 450 Vol. Disp. 
by HWF 

72,405 2 ,550 800 Grout Volume 
3,270 185 Sand Volume 

15,524 2,400 150 Disposal Area 
103 ,854 2,400 300 Disposal Area 

3,465 4,800 300 Disposal Area 

33 ,345 4,800 600 Disposal Area 
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Activity 

Postoperational 
Closure Period 

Regular C1osure 
Extensive Closure 

Ins t i tu t iona l  Period# 
Low Care Level 

Years 3-10 
Years 11-25 
Years 26-100 

Medium Care Level 
Years 1-10 
Years 11-25 
Years 26-100 

High Care Level 
Years 1-10 
Years 11-25 
Years 26-100 

Table 3.8 (continued) 

cost  Occupational* 
(thousand Exposure 
1980 $1 (person-mrem) 

1,010 500tt 
3,025 1,000 

150 
63 
51 


303 
150 
63 

440## 
303 
150 

Energy Use 

( thousand 

gallons) Units** 


15 Lump Sum 

60 Lump Sum 


2 Per Year 

2 Per Year 

2 Per Year 


6 Per Year 

6 Per Year 

6 Per Year 


10 Per Year 

1 0  Per Year 

10 Per Year 


*Occupational exposures associated w i t h  operations other than waste unloading 
and disposal . 

**Lump sum items are  assumed t o  be independent of the waste volume. Disposal 
volume dependency i s  f o r  1million m3 of disposal (not waste) volume; grout 
volume dependency i s  f o r  1 million m3 of grout injected; sand volume dependency
i s  fo r  1million m3 of sand backf i l l ;  disposal area dependency i s  f o r  1 million 
m2 of trench cover area. 

?Rates for  a l te rna t ives  are  incremental ra tes  i n  addition t o  the ra tes  given fo r  
the reference system. 

??Regular closure assumed t o  l a s t  2 years,  extensive closure i s  assumed t o  l a s t  
four years. Both cases assume 5000 person-hours of f i e l d  work per year i n  an 
average radiation f i e l d  of 0.05 mR/hr. 

#These costs  are basic costs not considering inf la t ion  or  in te res t .  Details 
fo r  complete calculation of the ins t i tu t iona l  period costs  can be found 
i n  Appendix Q. The formulae g i v e n  i n  Appendix Q a re  incorporated in to  the 
cost  cal cul a t i  on procedure. 

##To t h i s  cost ,  a contingency cost  i s  added which depends on the so i l  conditions: 
$367,000 fo r  medium-permeability s o i l s ;  $168,000 fo r  high-permeability s o i l s ;  and, 
$1,007,000 fo r  low-permeability so i l s .  
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-	 To a small population consuming water from a well located 
halfway between the facility and the hydrologic boundary (a
steam). 

-	 To a small population consuming water from the hydrologic
boundary. 

o 	 Exposures to an inadvertent intruder or small group of intruders who 
at some point in the future may potentially: 

-	 Construct a house on the site, or 

- Live in the house and consume food grown on the site in 

contaminated soil. 


o Exposures to a small population from: 

-	 Airborne transport of radionuclides due to uncovering of the 
disposed waste by either a potential intruder or through erosion; 
or 

- Waterborne transport o f  radionuclides due to uncovering of the 
disposed waste by either an intruder o r  through erosion. 

o 	 Exposures to individuals located offsite through airborne release of 
radionuclides due to an operational accident such as a dropped
container or a fire. 

The details on development and application o f  the calculational methodology 
are set out in Appendices G, H and Q. 



Chapter 4 

PRESENTATION AND ANALYSIS OF ALTERNATIVES-INTRUDER 

4 .1  INTRODUCTION 

This  chapter reviews t h e  p o t e n t i a l  hazard presented by i n a d v e r t e n t  human 
i n t r u s i o n  i n t o  disposed waste and methods which may be used t o  m i t i g a t e  t h e  
hazard. Two general c o n c e n t r a t i o n - l i m i t e d  i n a d v e r t e n t  i n t r u s i o n  scenar ios a re  
considered: 

1. 	 Excavat ion i n t o  disposed waste o r  c o n s t r u c t i o n  o f  a house o r  b u i l d i n g  
a t  t h e  d isposal  f a c i l i t y ;  and 

2. L i v i n g  on and consuming food grown a t  t he  d isposal  f a c i l i t y .  

As i m p l i e d  above, t h e  f i r s t  general i n t r u s i o n  scenar io  may be broken i n t o  two 
sub-scenarios, depending upon t h e  l e n g t h  o f  t ime t h a t  exposure occurs. 

A t h i r d  i n a d v e r t e n t  i n t r u s i o n  scenar io,  which i nvo l ves  consumption o f  water 
from a w e l l  d r i l l e d  a t  t he  s i t e ,  i s  considered i n  Chapter 5 s ince i t  r e l a t e s  
t o  ground-water m ig ra t i on .  

Four methods a re  addressed by which p o t e n t i a l  human i n t r u s i o n  impacts may be 
m i  tigated: 

1. C o n t r o l l i n g  the  d isposal  o f  s p e c i f i c  waste streams; 

2. Waste f o r m  and packaging; 

3. I n s t i t u t i o n a l  c o n t r o l s ;  and 

4. Use o f  engineered and/or n a t u r a l  b a r r i e r s  t o  i n t r u s i o n .  

Sect ion 2 presents  background i n f o r m a t i o n  about i n t r u s i o n  and s e l e c t i o n  o f  t he  
s p e c i f i c  scenar ios analyzed i n  t h i s  E I S .  Sect ion 3 analyzes i n a d v e r t e n t  human 
i n t r u s i o n  p resen t ing  t h e  impacts o f  t h e  base case "no ac t i on "  a l t e r n a t i v e  and 
incremental  changes i n  those impacts due t o  a p p l i c a t i o n  o f  a range o f  a l t e r n a t i v e  
c o n t r o l s  i n v o l v i n g  d isposal  o f  s p e c i f i c  waste streams, waste form and packaging, 
i n s t i t u t i o n a l  c o n t r o l s ,  and use o f  n a t u r a l  and engineered b a r r i e r s .  Sect ions 4 
and 5 analyze development o f  a performance o b j e c t i v e  f o r  p r o t e c t i o n  o f  an 
i n a d v e r t e n t  i n t r u d e r  l ead ing  t o  s e l e c t i o n  o f  a p r e f e r r e d  performance o b j e c t i v e .  
Sect ion 6 reviews t e c h n i c a l  requirements de r i ved  from t h e  analyses, and those 
i n v o l v i n g  c o d i f i c a t i o n  o f  e x i s t i n g  p r a c t i c e ,  t h a t  should be a p p l i e d  i n  t h e  
near-surface d isposal  o f  waste t o  ensure p r o t e c t i o n  of t h e  i n a d v e r t e n t  i n t r u d e r .  
For those requirements i n v o l v i n g  a change t o  e x i s t i n g  p r a c t i c e ,  a range o f  
a l t e r n a t i v e s  i s  considered and t h e  costs  and impacts presented. I n  some 
cases, based on a balanc ing o f  costs  and b e n e f i t s ,  a s p e c i f i c  p r e s c r i p t i v e  
requirement i s  selected. I n  o t h e r  cases, f l e x i b i l i t y  i n  meeting t h e  requirement 
i s  maintained t o  a1 l o w  f o r  i n d i v i d u a l  c o s t - b e n e f i t  cons iderat ions.  
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4.2 BACKGROUND INFORMATION ON HUMAN INTRUSION 

In determining performance objectives and technical criteria for near-surface 
radioactive waste disposal, one of the considerations is the potential for 
human intrusion into the disposed waste. That is, at some time after the 
disposal facility is closed, an individual or group of individuals may perform
such activities as excavating through the disposal cell covers and into the 
disposed waste. 

It is recognized that the possibility o f  human intrusion into a closed near-
surface disposal facility is only hypothetical. Existing regulations require
that near-surface disposal facilities be sited on land owned and under the 
control of either the federal government or the government of the state in 
which the facility is located. As part of this "institutional control," the 
site owner would restrict the types of activities that would be carried out at 
the facility. For example, the closed facility may be fenced and maintained 
under periodic surveillance. As another example, an individual or a corporation 
may be licensed by the state or federal government to carry out productive
surface activities on the facility, with the provision that the licensee does 
not excavate into the disposed waste. 

The concern i s  that at some time after the facility is closed, institutional 
controls may break down and an intrusion event may occur. The one or few 
individuals intruding into the facility would then be exposed, through direct 
contact, to any waste disturbed through the intrusion event. Such intrusion 
may also act to increase the potential for ground-water migration by increasing
the infiltration of precipitation into the waste and it may also bring wastes 
to the surface where they may potentially be dispersed by wind o r  water. 
These actions may result in radiation doses to the surrounding population.
However, the largest radiation exposures by far would be to the individual 
intruders themselves. 

Given the potential for human intrusion and the possibility of human exposures

from intrusion,-NRCbelieves it is reasonable to estimate the magnitude of 

exposures that could be received by an intruder. If such potential exposures 

appear to be significant, then it would be reasonable to explore ways in which 

such potential exposures can be reduced. First, however, some estimate should 

be made of the types of activities that could be potentially carried out by an 

intruder and of the potential pathways for exposure. 


4.2.1 Human Intrusion Exposure Pathways 


Intrusion into disposed waste may be either deliberate or inadvertent. A 
deliberate intrusion event implies that the intruder knows of the potential
hazard of the disposed waste but for some reason deliberately chooses to 
ignore the hazard. For example, the intruder could be seeking something of 
potential value in the disposed waste. This would appear to be an unlikely
scenario, however. The disposal facility would be under the surveillance and 
control of the government and deliberate intrusion into the waste to try and 
retrieve something of value would be a criminal act. Therefore, in order to 
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prec lude d iscovery,  t h e  i n t r u d e r  would want t o  perform h i s  a c t i v i t i e s  as 
q u i c k l y  as poss ib le .  I n  a d d i t i o n ,  i f  i t  i s  assumed t h a t  t h e  i n t r u d e r  chooses 
t o  d e l i b e r a t e l y  i gno re  a known p o t e n t i a l  r a d i a t i o n  hazard, then i t  must a l so  
be assumed t h a t  t he  i n t r u d e r  would want t o  minimize h i s  p o t e n t i a l  exposures by 
m in im iz ing  t h e  t ime  spent i n  con tac t  w i t h  t h e  waste. However, i n t r u s i o n  would 
i n v o l v e  d i g g i n g  through a f e w  meters (e.g., 2 t o  4) o f  s o i l  p r i o r  ks c o n t a c t i n g  
t h e  waste, which would take  t ime. Power machinery would ~ ~ o b a ~ l ~be needed Lo 
excavate s o i l  and waste packages, which would make t h e  assumed i n t r u s i o n  event 
r a t h e r  conspicuous. I n  a d d i t i o n ,  t h e  i n t r u d e r  would n o t  have any k n o w ~ e d ~ e  
regard ing where a p o t e n t i a l l y  va luable a r t i c l e  might  be. This  means t h a t  t h e  
i n t r u d e r  would have t o  spend a considerable amount o f  t ime  i n  a ham 
environment i n  order  t o  f i n d  something o f  p o s s i b l e  value d u r i n g  which the  
chance o f  d iscovery would be g r e a t  (and would increase t h e  longer  t h e  Lime 
spent) and t h e  p o t e n t i a l  p r o f i t  small .  I f  would t h e r e f o r e  a ~ ~ e a ~t h a t  
i n t e n t i o n a l  i n t r u s i o n  a f t e r  something o f  value would n o t  be a ~ r ~ ~ i t a b ~ e  
undertaking, and most people would n o t  t ake  t h e  r i s k ,  I n  any case, i t  ~~~~~ 

appear t o  be d i f f i c u l t  t o  e s t a b l i s h  r e g u l a t i o n s  designed t o  p r o t e c t  a f u t u r e  
i n d i v i d u a l  who recognizes a hazard b u t  then chooses t o  i gno re  t h e  hazard. 

On t h e  o the r  hand, i nadve r ten t  i n t r u s i o n  i m p l i e s  t h a t  an i n d i v i d u a l  o r  group 

o f  i n d i v i d u a l s  i n t r u d e  i n t o  t h e  waste e i t h e r  a c c i d e n t l y  o r  w i t h o u t  r e a l i z i n g  

t h a t  t he re  i s  a p o t e n t i a l  hazard. The former case appears t o  

l i k e l y .  For example, a person who i s  l i c e n s e d  t o  ma in ta in  t h e  

have some reason t o  excavate on the  f a c i l i t y  ground (e.g., t o  i n s t a l l  a moni

t o r i n g  device) and cou ld  p o s s i b l y  misjudge t h e  l o c a t i o n s  of  t h e  d isposal  c e l l s  

and a c c i d e n t l y  d i g  i n t o  disposed waste. I n  t h i s  case, t h e  hazard would 

immediately recognized ( c e r t a i n l y  w i t h i n  a few minutes) and minimal exposures 

would r e s u l t .  (It must be assumed t h a t  i n d i v i d u a l s  l i c e n s e d  t o  

f a c i l i t y  would have a knowledge o f  r a d i a t i o n  s a f e t y  and would a t  

equipped w i t h  r a d i a t i o n  d e t e c t i o n  equipment such as survey meter 

know how t o  use them.) 


More s i g n i f i c a n t  exposures c o u l d  occur i f  t h e  i n t r u d e r  does n o t  r e a l i z e  a t  

f i r s t  t h a t  t h e r e  i s  a p o t e n t i a l  hazard. Th is  cou ld  occur i f  t h e r e  i s  a 

down i n  i n s t i t u t i o n a l  c o n t r o l s  and t h e  s i t e  owner mis takenly  r e  

f a c i l i t y  f o r  u n r e s t r i c t e d  use. (This,  however, i s  u n l i k e l y  as 

Sect ion 4.3.6.) Assuming t h a t  such a t h i n g  occurs, then the re  

scenar ios f o r  human exposure. A r a t h e r  extreme scenar io  would 

t h e  waste i s  contacted f o r  extended per iods o f  t i m e .  


The p o t e n t i a l  f o r  i n a d v e r t e n t  i n t r u s i o n  i n t o  a c losed waste d isposal  f a c i l i t y  

assuming a breakdown i n  i n s t i t u t i o n a l  c o n t r o l s  has been examined i n  d e t a i l  i n  

s tud ies  by a number o f  i n v e s t i g a t o r s ,  i n c l u d i n g  Lawrence Livermore ~ ~ b ~ ~ a t o r ~  

(Ref. 11, Ford, Bacon, and Davis, Utah (Refs. 2, 31 ,  t h e  U t i l i t y  Waste ~ ~ ~ ~ ~ e m e n t  


~ ~Group (Ref. 41, and t h e  Department o f  Energy (Ref .  5). A ~ u o f  t h e  scenarios a ~ 
examined by these i n v e s t i g a t o r s  are l i s t e d  i n  Table 4.1. A l l  of t h e  s tud ies  were 
performed as p a r t  o f  e f f o r t s  t o  c l a s s i f y  r a d i o a c t i v e  wastes f o r  

As can be seen, t h e  s tud ies  i n v e s t i g a t e d  a number o f  scenar ios i n  which a 
p o t e n t i a l  i n a d v e r t e n t  i n t r u d e r  cou ld  be exposed, i n c l u d i n  c o n s t r u c t i  on o f  
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Table 4.1 Comparison o f  I n t r u d e r  Exposure Scenarios 

Ford, Bacon and 
Davis (Ref. 2 3)  

I n h a l a t i o n  o f  contam
i n a t e d  dust  from con
s t r u c t i  on a c t i v i t i e s *  

I n h a l a t i o n  o f  contam
i n a t e d  dus t  by some
one l i v i n g  on t h e  
d isposal  f a c i  1 it y  

Consumption o f  con
taminated water f r o m  
an o n s i t e  w e l l  

Consumption o f  food 
grown on contaminated 
so i  1* 
D i  r e c t  gamma r a d i  a
t i o n  exposure t o  a 
c o n s t r u c t i o n  worker" 

Ground-water t r a n s p o r t  
o f  rad ionuc l i des  t o  a 
r i v e r  

Sheet e ros ion  o f  waste 
t o  a r i v e r  

Department o f  
Energy"" (Ref. 5) 

(1) Sheet eros ion o f  waste 
i n t o  a stream, fo l l owed  
by e i t h e r : ?  
o 	 consumption o f  

contaminated H,O; 
o 	 use o f  water f o r  

i r r i g a t i o n ;  o r  
o 	 consumption o f  

f i s h  obta ined from 
t h e  stream 

(2) 	 Ground-water m i g r a t i o n  
o f  rad ionuc l i des  t o  an 
a q u i f e r ,  f o l l owed  by 
e i t h e r :  t 
o 	 consumption o f  

contaminated W,O;or 
o 	 use o f  water f o r  

irrig a t i  on 
(3) 	 R e t r i e v a l  o f  use fu l  

i tems by an a r t i f a c t  
hunter  

(4) 	 Exposure o f  waste, 
f o l l owed  by persons 
l i v i n g  on t h e  d isposal  
f a c i l i t y  be ing exposed 
through inhal a t i  on o f  
contaminated dus t  and 
consumption o f  food 
grown on contaminated 
s o i  1" 

U t i l i t y  Waste Manage
ment Group (Ref. 4) 

(1) Leaching o f  

(2) 

(3 )  

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

waste i n t o  a 
water course 
S p i l l a g e  o f  waste 
on the  ground, 
which i s  c a r r i e d  
i n t o  a water 
course 
I n h a l a t i o n  o f  
s p i l l e d  waste 
I n h a l a t i o n  o f  
dus t  d u r i n g  
excavat ion by 
an i n t r u d e r  
Consumption o f  
contami nated 
d i r t  by c h i l d  
Consumption o f  
food grown i n  
contaminated s o i l  
Erosion o f  waste 
i n t o  water course 
I n h a l a t i o n  o f  
eroded waste 
D i r e c t  gamma 
i r r a d i a t i o n  from 
%-gal 1on drums 

(10) D i r e c t  gamma 
ir r a d i  a t i  on from 
the  ground sur face 

"Determined by t h e  authors t o  be general ly c o n t r o l  1ing. 

**The authors a l s o  reviewed, b u t  d i d  n o t  t r e a t  i n  d e t a i l ,  o the r  pathways i n c l u d i n g  
movement o f  waste t o  t h e  sur face by p l a n t  (nonfood) uptake, movement o f  waste 
t o  t h e  sur face by burrowing animals, and severe events, such as f l ood ing ,  . 

1(meteor impact, o r  g l a c i a l  a c t i o n .  

?Whichever subpathway i s  most r e s t r i c t i v e .  
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houses on top of a disposal facility, consumption of food grown in contam
inated soil, and consumption of water from a well drilled into the disposal
facility. Although a number of scenarios were investigated, all scenarios 
were composed of only three pathways of human exposure--i.e., inhalation of 
radionuclides, consumption of radionuclides through water or food, and direct 
gamma exposure. The pathways were used singly or in combination to determine 
impacts. One researcher examined the potential impacts o f  someone (a child)
eating contaminated soil directly (Ref. 4). Another researcher examined the 
potential impacts from someone potentially retrieving an artifact contaminated 
with transuranic radionuclides from a disposal facility and using the artifact 
for his own purposes (Ref. 5). (Inhalation exposures are assumed t o  occur 
either while excavating or while the artifact hunter polishes the artifact.) 

To calculate impacts (concentration limits for disposal) all investigators
assumed that intrusion events take place some hundreds of years following 
waste disposal, after institutional controls cease. That is, for the first few 
hundred years following waste disposal, the disposal facility is assumed to be 
under the control of a government agency which precludes inappropriate use of 
the disposal facility. Following this time, the institutional controls are 
assumed to become ineffective and persons are assumed to be allowed to intrude 
into the disposed waste mass and carry out such typical activities as construc
tion of houses or living on the facility. The most restrictive of the scenarios 
(the scenario leading to the highest exposures) is then used t o  determine 
limiting concentrations for disposal of waste by the disposal methods investigated. 

In general, scenarios such as consumption of food, inhalation of dust, or 

direct gamma exposure were found in these studies to be more restrictive than 

scenarios involving contaminated ground water. The former types of scenarios 

may be termed "concentration-limited" scenarios. That is, to calculate impacts

from such scenarios as inhalation of dust or consumption of food grown in 

contaminated soil, one is interested in the concentration of the radionuclides 

in which the activity takes place. The-radionuclide concentrations or the 

total activity contained elsewhere in the disposal facility does not enter 

into the calculation. On the other hand, ground-water scenarios are "activity

limited" and the impacts depend upon the total activity contained in the 

facility and not especially on the concentration of radionuclides in any

particular portion of the disposal facility. In addition, although the impacts

from the concentration-limited scenarios are site-specific to a degree, they 

are much less site-specific than the activity-limited scenarios. 


This implies that the concentration-limited scenarios may be a useful way to 
classify wastes in a relatively nonsite-specific manner. Intrusion is a 
hypothetical event, but the potential impacts represent a kind of "hazard 
index" with which to rank the potential "hazard" of different waste streams o r  
to classify waste for disposal. 

In addition, the previous investigators generally did not make allowances for 

waste form. It was generally assumed that the waste/soil mixture was 

indistinguishable from dirt. That is, the waste/soil mixture dispersed into 

the air in a similar manner as dust from bare soil. Root uptake into plants

for human consumption was calculated assuming that the radionuclides essentially 
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e x i s t e d  i n  a d i s s o l v e d  s t a t e  i n  s o i l .  The rad ionuc l i des  were r e a d i l y  a v a i l a b l e  
f o r  uptake by p l a n t  roo ts .  One i n v e s t i g a t o r  d id ,  however, i n v e s t i g a t e  p o s s i b l e  
l i m i t s  f o r  a c t i v a t e d  o r  surface-contaminated metals (Ref .  2). Another inves
t i g a t o r  i n t r i n s i c a l l y  considered waste form as p a r t  o f  h i s  cons ide ra t i on  o f  
impacts t o  a p o t e n t i a l  f u t u r e  a r c h e o l o g i s t  o r  a r t i f a c t  hunter  (Ref. 5). 

4.2.2 I n t r u s i o n  Pathways Considered i n  t h e  EIS 

Given t h e  above d iscuss ion,  t he re  may be a number o f  scenar ios by which a 
p o t e n t i a l  i n t r u d e r  c o u l d  be exposed t o  r a d i a t i o n .  These scenar ios range from 
p o t e n t i a l l y  t r i v i a l  events t o  events which c o u l d  cause r e l a t i v e l y  s i g n i f i c a n t  
exposures, and each scenar io  may have a f i n i t e  p r o b a b i l i t y  o f  occurrence 
associated w i t h  it. Given t h i s  p o t e n t i a l  f o r  s i g n i f i c a n t  i n t r u d e r  exposures, 
a d d i t i o n a l  a n a l y s i s  i s  i n d i c a t e d  i n  t h i s  environmental impact statement o f  
methods which may be used t o  m i t i g a t e  these exposures. However, t o  perform 
t h i s  a n a l y s i s  some p r e l i m i n a r y  decisons must be made on how t h e  a n a l y s i s  i s  t o  
be performed. There a re  two bas i c  a l t e r n a t i v e s :  

1. 	 Devise a number o f  scenar ios from t h e  l i k e l i e s t  t o  t h e  u n l i k e l i e s t ,  
ass ign each a f i x e d  p r o b a b i l i t y ,  and per form a r i s k  ana lys i s  o f  t h e  
impacts; and 

2. 	 Determine a l i m i t e d  number o f  t he  most r e s t r i c t i v e  (h igh  consequence) 
scenar ios,  assume t h e  event occurs, and perform a consequence a n a l y s i s  
o f  t h e  impacts. 

N e i t h e r  o f  these two a l t e r n a t i v e s  i s  t o t a l l y  s a t i s f a c t o r y .  For t h e  f i r s t  a l t e r 
na t i ve ,  t h e r e  may be any number o f  p o t e n t i a l  scenar ios which cou ld  be invented, 
i n c l u d i n g  minor v a r i a t i o n s .  I t  would be impossible t o  consider  a l l  o f  these 
scenarios. I n  a d d i t i o n ,  i t  would be extremely d i f f i c u l t  i f  n o t  impossib le  t o  
determine and ass ign numerical p r o b a b i l i t i e s .  I nadver ten t  i n t r u s i o n  i s  a 
h y p o t h e t i c a l  event t h a t  may o r  may n o t  occur i n  t h e  f u t u r e .  Given t h i s  uncer
t a i n t y ,  i t  appears t h a t  a b e t t e r  approach would be a l t e r n a t i v e  2. This  i s  t h e  
general approach fo l l owed  by t h e  prev ious i n v e s t i g a t o r s  on waste c l a s s i f i c a t i o n .  
However, t h i s  a l s o  has i t s  drawbacks. I f  extremely conservat ive,  y e t  c l e a r l y  
u n l i k e l y  scenar ios a re  used, then t h e  c a l c u l a t e d  r e s u l t s  (which may i n v o l v e  
conservatisms m u l t i p l i e d  by conservatisms) can q u i c k l y  become u n r e a l i s t i c  and 
o v e r l y  r e s t r i c t i v e .  This  i s  e s p e c i a l l y  impor tant  cons ide r ing  t h e  hypo the t i ca l  
na tu re  o f  t h e  i n t r u s i o n  event. 

NRC has, t he re fo re ,  adopted a somewhat combined approach f o r  numerical ana lys i s .  
A l i m i t e d  number o f  i n t r u s i o n  scenar ios are conserva t i ve l y  assumed t o  occur 
based upon cons ide ra t i on  o f  t y p i c a l  human a c t i v i t i e s .  The p o t e n t i a l  conse
quences a re  then ca l cu la ted .  However, g iven t h e  hypo the t i ca l  nature o f  t h e  
scenar ios,  once t h e  i n t r u s i o n  scenar io  occurs, reasonably conservat ive ac t i ons  
on t h e  p a r t  o f  t he  i n t r u d e r s  are assumed t o  occur. I n  a d d i t i o n ,  some judgment 
i s  made as t o  the  l i k e l i h o o d  and e x t e n t  o f  t h e  scenar ios o c c u r r i n g  depending 
upon s p e c i f i c  waste forms and d isposal  p r a c t i c e s .  



4-7 


The intrusion scenarios considered in this environmental impact statement were 

developed based upon consideration of the work performed on waste classifica

tion by the above investigators. Two concentration-limited scenarios are 

considered as well as one activity-limited scenario. The concentration limited 

scenarios analyzed in the following subsections include (1) excavation into 

disposed waste or construction of a house or building upon the disposal facility

and (2) persons living on the disposal facility. ?he activity-limited scenario 

analyzed involves potential use of contaminated water from a well drilled 

onsite. This scenario is analyzed in Chapter 5 as part of the ground-water

migration analysis. Potential population exposures from radioactive materia'l 

dispersed by intruders is also analyzed. All three scenarios are assumed to 

occur after institutional controls are assumed to be temporarily lost. 


All scenarios are believed to be conservative and are discussed in detail in 
Appendix 6 .  

4.2.2.1 Intruder-Construction Scenario 


This scenario involves the assumed construction of a house directly into the 
disposed waste, and is referred to as the intruder-construction scenario. 
During construction activities, some of the waste is assumed to be contacted 
by the workmen (this could happen, for example, through construction of a 
basement). During construction, some of the waste is assumed to be dispersed
into the air and onto the immediate area around the house. Exposures would 
principally occur through such pathways as inhalation of contaminated dust and 
exposure to direct gamma radiation from standing on contaminated soil and being
immersed in a contaminated dust cloud. (A subset of this scenario called the 
intruder-discovery scenario, and involving reduced relative impacts, is discussed 
in Section 4.3.4.3.) 

4.2.2.2 Intruder-Agriculture Scenario 


The second scenario involves a potential situation in which an individual or 
individuals live in the house thus constructed. In addition to the exposure
pathways for the construction case, the potential intruder could be exposed
through consumption of food grown in the contaminated soil. (Consumption of 
water by the intruder from a well drilled at the site is analyzed in Chapter 5.)
The length of time that the individuals would spend in the contaminated area 
would be greater f o r  this scenario than for the intruder-construction scenario. 
This scenario is referred to as the intruder-agriculture scenario. 

4.2.2.3 Population Exposures from Intrusion Activities 


In this scenario, the waste which is uncovered and brought to the surface 

through inadvertent intrusion is transported offsite by surface water and wind. 

Exposures are calculated to the surrounding population. 
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4.3 DESCRIPTION AND IMPACTS OF BASE CASE (NO ACTION) AND OTHER ALTERNATIVES 

4.3.1 D e s c r i p t i o n  o f  Base Case (No Act ion)  A l t e r n a t i v e  


Base case impacts t o  an i n a d v e r t e n t  i n t r u d e r  a re  c a l c u l a t e d  cons ide r ing  two 

scenar ios f o r  p o t e n t i a l  i nadve r ten t  i n t r u s i o n .  One scenar io i s  t h e  assumed 

c o n s t r u c t i o n  o f  a house d i r e c t l y  i n t o  t h e  disposed waste ( i n t r u d e r - c o n s t r u c t i o n  

scenar io) .  The second scenar io i nvo l ves  a p o t e n t i a l  s i t u a t i o n  i n  which an 

i n d i v i d u a l  o r  i n d i v i d u a l s  l i v e  i n  the  house t h a t  i s  const ructed and consumes 

food grown a t  t h e  s i t e  ( i n t r u d e r - a g r i c u l t u r e  scenar io) .  To c a l c u l a t e  impacts 

from these i n t r u d e r  scenar ios,  waste spectrum 1 i s  assumed t o  be disposed o f  

a t  t h e  reference (base case) f a c i l i t y  t h a t  i s  s i t e d ,  designed, and operated 

as descr ibed i n  Chapter 3 and as s e t  o u t  i n  d e t a i l  i n  Appendix E. The waste 

i s  disposed o f  i n  r e g u l a r  shal low l a n d  b u r i a l  t renches w i t h  a standard t h i n  

cap. Waste spectrum 1 r e f e r s  t o  t h e  base case waste and much o f  t h e  waste i s  

assumed t o  be i n  an e a s i l y  compressible, r e a d i l y  degradable waste form w i t h  

r e l a t i v e l y  h i g h  l each ing  c h a r a c t e r i s t i c s .  The waste i s  assumed t o  be randomly 

disposed i n t o  t h e  reference f a c i l i t y  and no s p e c i f i c  a c t i o n s  a re  taken t o  

prov ide  cons ide ra t i on  o f  p o t e n t i a l  f u t u r e  i n a d v e r t e n t  i n t r u s i o n .  For purposes 

of ana lys i s ,  v a r y i n g  pe r iods  o f  i n s t i t u t i o n a l  c o n t r o l  from 50-2000 years are 

assumed t o  be i n  e f f e c t  a f t e r  c losu re  d u r i n g  which i n a d v e r t e n t  i n t r u s i o n  would 

n o t  occur. 


4.3.2 Costs and Impacts o f  Base Case (No Act ion)  A l t e r n a t i v e  


The r a d i o l o g i c a l  hazard t o  a p o t e n t i a l  i n t r u d e r  f o r  t h e  base case (no a c t i o n )  

a l t e r n a t i v e  i s  l i s t e d  i n  Table 4.2 f o r  seven organs f o r  several  t ime per iods 

f o l l o w i n g  l i c e n s e  te rm ina t ion .  For t h i s  ana lys i s ,  t h e  t e r m i n a t i o n  o f  t h e  

disposal  f a c i l i t y  l i c e n s e  was assumed t o  immediately f o l l o w  a two-year c losu re  

per iod.  The hazard l i s t e d  ( i n  mrem/yr t o  an i n d i v i d u a l )  i s  summed over  a l l  23 

rad ionuc l i des  considered i n  t h e  a n a l y s i s  and volume-averaged over a l l  36 waste 

streams disposed i n t o  t h e  d isposal  f a c i l i t y .  As can be seen, the  h ighes t  

p o t e n t i a l  exposures a re  those t o  the  bone. Over t h e  f i r s t  500 years,  p o t e n t i a l  


' exposures from t h e  i n t r u d e r - c o n s t r u c t i o n  scenar io  drop by a f a c t o r  o f  6 from 

about 6 rems t o  about one rem. Over t h e  nex t  1500 years,  however, p o t e n t i a l  

exposures are reasonably constant,  and a re  s t i l l  a t  about 800 mrem o f  2000 years. 

A somewhat s i m i l a r  p a t t e r n  i s  observed f o r  p o t e n t i a l  exposures t o  t h e  lung. 


The p o t e n t i a l  exposures were conserva t i ve l y  c a l c u l a t e d  g i v i n g  no c r e d i t  ( w i t h  

t h e  except ion o f  a c t i v a t e d  metal)  f o r  t he  a b i l i t y  o f  waste f o r m  t o  reduce 

a i rbo rne  d i s p e r s i o n  o f  rad ionuc l i des  o r  uptake by p l a n t  roo ts .  That i s ,  t h e  

waste i s  assumed t o  behave and d isperse i n  a s i m i l a r  manner t o  o rd ina ry  d i r t .  


Other base case costs  and impacts a re  summarized i n  Table 4.3 f o r  waste spectrum 1. 

Also shown i n  Table 4.3 a r e  the  cos ts  and impacts f o r  d isposal  o f  waste spect ra 

2-4 a t  t h e  base case reference d isposal  f a c i l i t y .  The costs  and impacts a r e  

c a l c u l a t e d  over 20 years o f  waste generat ion,  processing, t r a n s p o r t ,  and 

disposal .  The format f o r  Table 4.3 w i l l  be g e n e r a l l y  u t i l i z e d  throughout t h e  

remainder o f  t h e  E I S  t o  p resen t  t h e  cos ts  and impacts o f  t he  va r ious  a l t e r n a t i v e s  

analyzed. I nc luded  on t h e  f i r s t  page a re  p o p u l a t i o n  exposures from waste 

process ing and t r a n s p o r t a t i o n ;  occupat ional  exposures f o r  waste processing, 
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- 3  Costs and Other Impacts of Base Case (No Action) Alternative 

Impacts 

~ ~ o t - ~ - ~ e r ~population exposures: 
( m a ~ - ~ r e ~ 1  

y waste generator 
t reg: mal pt-ocessing 

r ~ ~~ ~ ~occupational -exposures:e 

by waste generator" 
a t  regional processing 

Waste generation and t ransport  
costs:  ($1 

y waste generator" 
t regional processing 

Land use: ( m 2 >  

Waste w o ~ ~ ~ edisposed: 

ular:  

0 Tstal 

Waste Spectra 

1 2 3 4 

0 0 7. %6�+6 

0 0 3.74E+4 
7.12E+5 7.03E+5 5.26E+5 

~ ~ 

- +1.68E+6 +1.1%�+6 

0 1.25E+5 2.45E+4 
6.89�+6 6.49 E+6 5.51E+6 
3 05E+6 2.93E+6 2 a 49E+6 

- +3.38E+8 15E+9 

0 3.63E+7 9.50E+7 
2.49E+8 2.29E+8 1.88E+8 

1.85E+% 1.82E+8 1.81E+8 
3 82E+7 3.82�+7 3.82�+7 
2.23E+% 2.20E+8 2.19E+8 
223 315 445 

+7. %9E+6 +5.84E+7 

3.47E95 2.42Ea5 1.?1E+5 

2.95E+4 6.22E+4 1.16�+4 
1.B7E+5 7.40E+4 6.57E+4 
2.23E+5 3.30E+5 4.04E+4 
6.30E+5 2.32E+5 1.15E+4 
1.00E+6 6.98E+5 4.93E+5 
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Table 4.3 (continued) 

Waste Spectra 

1 2 3 4 
~~~~~ ~~ ~ ~~~ ~-

acceptable: (m3) 0 0 0 0 

impacts: 

Impacts 
~ 

To ta l  volume n o t  

D i r e c t  i n t r u d e r  

Body (mrem) 
o 	 100 C 

A 
o 	 500 C 

A 

Bone (mrem) 
0 100 C 

A 
o 	 500 C 

A 

O f f s i t e  re leases from i n t r u s i o n  
( a t  100 years):  

A i rborne impacts (man-mil l i rem) 
o Body 2.242E+3 2.193E+3 2.016E+3 4.181E+3 
o Bone 4.060E+4 3.970E+4 3.650E+4 7.569E+4 

Waterborne impacts ( m i l l i r e m )  
o Body 8.475E-2 1.213E-1 1.716E-1 3.566E-1 
o Bone 5.097E-1 7.297E-1 1.032E+O 2.145E+O 

.. 
Occupational exposures and process ing costs  by the  waste generator f o r  waste 
spect ra 2-4 are presented as a d d i t i o n a l  exposures and costs  t o  those associated 
w i t h  waste spectrum 1. S i m i l a r l y ,  energy use f o r  waste spect ra 2-4 are 
presented as an a d d i t i o n a l  increment t o  t h a t  assoc iated w i t h  waste spectrum 1. 
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t r a n s p o r t a t i o n ,  and d isposa l ;  cos ts  f o r  waste process ing and t ranspor ta t i on ;  
c o s t  f o r  d isposal  d i v i d e d  i n t o  design and opera t ion  cos ts ,  pos topera t iona l  
cos ts  (c losure  and long-term care cos ts ) ,  and t o t a l  d isposal  costs ;  t o t a l  
incremental  energy used f o r  process ing,  t ranspor ta t i on ,  and d isposa l ;  l a n d  used 
f o r  d isposa l ;  and t o t a l  waste volume disposed o f .  Inc luded on t h e  second page 
a re  t h e  long-term i n d i v i d u a l  and popu la t i on  exposures r e s u l t i n g  f rom d isposal  o f  
t h e  waste. 

No shor t - te rm popu la t i on  exposures a re  shown f o r  process ing o f  t h e  waste 
e i t h e r  a t  t h e  p o i n t  o f  generat ion o r  a t  a c e n t r a l  process ing f a c i l i t y .  For 
t h e  base case, i t  was assumed t h a t  none o f  t h e  waste streams were subjected t o  
i n c i n e r a t i o n  and i n  waste spectrum 1, no waste streams are  d e l i v e r e d  t o  a 
reg iona l  process ing center.  As discussed i n  Chapter 3 ,  NRC a l s o  assumed f o r  
purposes of t h i s  E I S  ana lys i s ,  t h a t  opera t iona l  re leases from o t h e r  waste 
process ing operat ions (e.g., compaction and s o l i d i f i c a t i o n )  would be very  
small  and as such they  were n o t  inc luded.  I n  any case, such p o t e n t i a l  re leases 
would a l ready  be analyzed as p a r t  o f  l i c e n s i n g  i n d i v i d u a l  f a c i l i t i e s .  For 
t h i s  E I S ,  NRC i s  i n t e r e s t e d  i n  es t ima t ing  re leases due t o  a d d i t i o n a l ,  more 
extens ive,  waste process ing techniques. These re leases are  expected t o  be 
s i g n i f i c a n t  on l y  f o r  i n c i n e r a t i o n .  The popu la t i on  exposures due t o  t rans
p o r t a t i o n  o f  t h e  waste t o  t h e  d isposal  f a c i l i t y  were c a l c u l a t e d  t o  7.12E-G 
man-mrem. 

Occupational exposures due t o  waste process ing (a l so  waste process ing cos ts  
and energy use) a re  presented i n  t h i s  E I S  as exposures i n  a d d i t i o n  t o  those 
assoc ia ted  w i t h  waste spectrum 1. The NRC s t a f f  be l i eves  t h a t  i t  would be 
d i f f i c u l t  t o  a t tempt  t o  es t imate  t h e  e x i s t i n g  occupat ional  exposures f o r  waste 
management f o r  a l l  NRC and Agreement S ta te  l icensees.  I n  add i t i on ,  t h e  p r i n c i p a l  
purpose o f  t h i s  E I S  i n  regard  t o  waste process ing occupat ional  exposures i s  t o  
es t imate  incrementa l  exposures associated w i t h  a d d i t i o n a l  waste process ing 
a c t i v i t i e s .  Th is  i s  be l i eved  t o  be i n  keeping w i t h  t h e  purpose o f  t h i s  E I S .  

Occupational exposures were a l so  c a l c u l a t e d  f o r  t r a n s p o r t a t i o n  and f o r  hand l ing  
o f  t h e  waste du r ing  d isposal  opera t ions  (6.89E+6 man-mrem and 3 .05�+6  man-mrem 
respec t i ve l y ) .  

Costs f o r  waste process ing are  a l s o  presented as cos ts  i n  a d d i t i o n  t o  those 
associated w i t h  waste spectrum 1. Costs from t r a n s p o r t a t i o n  and d isposa l ,  
however, were ca lcu la ted .  U n i t  d isposa l  cos ts  average $223 p e r  m3 o r  $ 6 . 3 2  
p e r  ft3. The reader  i s  r e f e r r e d  t o  Appendices E, G,  and Q f o r  i n fo rma t ion  
about t h e  cos ts  and t h e  methods by which they were determined. Other impact 
measures such as energy and land  use were a l s o  c a l c u l a t e d  and a re  shown. 

Page 2 of Table 4.2 shows t h e  exposures t o  t h e  i nadver ten t  i n t r u d e r  c a l c u l a t e d  
f o r  t h e  two scenar ios,  i n t r u d e r - c o n s t r u c t i o n  and i n t r u d e r - a g r i c u l t u r e .  The 
exposures are  c a l c u l a t e d  f o r  two per iods  o f  a c t i v e  i n s t i t u t i o n a l  control-- lOO, 
and 500 years--and f o r  two organs: whole body and bone. For purposes o f  
ana lys is ,  each scenar io  i s  assumed t o  occur immediately f o l l o w i n g  t h e  end o f  
t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  per iod .  
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F i n a l l y ,  Table 4.2 shows the  p o p u l a t i o n  exposures c a l c u l a t e d  due t o  releases 
o f  m a t e r i a l  t o  t h e  o f f s i t e  environment due t o  t h e  i n t r u s i o n  event. The 
exposures a re  c a l c u l a t e d  a t  a t ime p e r i o d  o f  100 years f o l l o w i n g  l i c e n s e  
te rm ina t ion .  A i rborne impacts a r e  c a l c u l a t e d  f o r  t h e  surrounding p o p u l a t i o n  
w i t h i n  a 50-mi le rad ius  o f  t h e  d isposal  f a c i l i t y .  Waterborne impacts, 
however, a re  c a l c u l a t e d  t o  an i n d i v i d u a l .  I n  t h e  c a l c u l a t i o n s ,  ra inwa te r  i s  
assumed t o  erode t h e  so i l /waste m i x t u r e  exposed by t h e  i n t r u d e r ,  and c a r r y  t h e  
contaminat ion o f f s i t e  t o  a nearby stream. The contaminated stream water i s  
then assumed t o  be used by an i n d i v i d u a l  f o r  consumption, i r r i g a t i o n  o f  crops, 
e tc .  As shown, t h e  impacts t o  the  i nadver ten t  i n t r u d e r  h i m s e l f  a re  orders o f  
magnitude h ighe r  than those t o  t h e  surrounding popu la t i on .  

Tables 4.2 and 4.3 e s t a b l i s h  a base l i ne  o f  c o s t  and impact data c a l c u l a t e d  f o r  
t h e  base case s i t e  and waste aga ins t  which v a r y i n g  ways t o  m i t i g a t e  these 
impacts can be compared. The da ta  shows t h a t  t h e  exposures c a l c u l a t e d  a re  
r e l a t i v e l y  h i g h  a t  100 years a t  which p o i n t  they begin t o  decrease, l e v e l i n g  
o f f  a t  around 400-500 years.  Although t h e  exposures t o  t h e  i nadver ten t  
i n t r u d e r  a re  n o t  so h i g h  as t o  cause g r e a t  (immediate l i f e  threatening)  
concern f o r  t h e  one o r  few i n d i v i d u a l s  who might  be exposed, some a d d i t i o n a l  
c o n t r o l s  cou ld  be exerc ised t h a t  cou ld  reduce such p o t e n t i a l  exposures t o  
lower l e v e l s  d u r i n g  t h e  100-500 year  t i m e  frame. Furthermore, t he  major 
p o r t i o n  o f  t h e  exposures may be c o n t r i b u t e d  by a few waste streams t h a t  cou ld  
be c o n t r o l l e d  t o  reduce p o t e n t i a l  exposures. 

4.3.2.1 Waste Spectra Nos. 2-4 

Table 4.3 a l s o  presents  t h e  cos ts  and impacts o f  d i spos ing  o f  improved waste 
forms, represented by waste spect ra 2-4, a t  t h e  reference base case f a c i l i t y .  
These have been inc luded  i n  t h i s  t a b l e  p r i n c i p a l l y  t o  p rov ide  reference data 
on t h e  o t h e r  spec t ra  f o r  comparison w i t h  waste spect ra 1and t o  demonstrate 
two p o i n t s :  

1. 	 As t h e  volume o f  t h e  waste i s  decreased through waste process ing 
techniques such as compaction and i n c i n e r a t i o n ,  exposure t o  an 
i n a d v e r t e n t  i n t r u d e r  increases; and 

2. 	 O f f s i t e  p o p u l a t i o n  exposures from i n a d v e r t e n t  i n t r u s i o n  a c t i v i t r ’ e s  
are low and do n o t  change s i g n i f i c a n t l y  f r o m  one spectrum t o  another. 

Considerable a d d i t i o n a l  d iscuss ion regard ing t h e  e f f e c t s  o f  t h e  waste spect ra 
on t h e  impact measures i s  p rov ided  i n  Chapter 5. 

4. 3 . 3  D e s c r i p t i o n  o f , A l t e r n a t i v e s  

NRC nex t  analyzed a range o f  a l t e r n a t i v e s  t h a t  cou ld  be appl  ed t o  reduce t h e  
impacts t o  an i nadver ten t  i n t r u d e r  and the  cos ts  and impacts o f  t h e  a l t e r n a t i v e s .  
The a l t e r n a t i v e s  analyzed f e l l  i n t o  f o u r  categor ies:  

1. C o n t r o l l i n g  t h e  d isposal  o f  s p e c i f i c  waste streams 

2. Waste f o r m  and packaging; 
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3. I n s t i t u t i o n a l  c o n t r o l s ;  and 

4. 	 Engineered and n a t u r a l  “ i n t r u d e r  b a r r i e r s ’ ’  c reated through d isposal  
f a c i l i t y  design and operat ions.  

Each i s  presented and analyzed below. 

Wi th respect  t o  s i t i n g ,  s i t e  c h a r a c t e r i s t i c s  were n o t  s p e c i f i c a l l y  analyzed 
w i t h  respec t  t o  r e d u c t i o n  o f  i n t r u d e r  impacts. Considerat ions such as f u t u r e  
p o p u l a t i o n  growth and l a n d  use development i n  t h e  v i c i n i t y  o f  t h e  s i t e  and t h e  
e x t e n t  o f  and economic s i g n i f i c a n c e  o f  n a t u r a l  resources a t  t h e  s i t e  cou ld  
e f f e c t  t h e  p o t e n t i a l  f o r  i n a d v e r t e n t  i n t r u s i o n .  Such considerat ions would be 
a p p l i e d  i n  the  s i t i n g  o f  a near-surface d isposal  f a c i l i t y  today. I n  general ,  
s e l e c t i o n  o f  a s i t e  t h a t  does n o t  have much resource value and which i s  n o t  
d e s i r a b l e  f o r  human a c t i v i t i e s  would reduce the  p o t e n t i a l  f o r  i nadve r ten t  
i n t r u s i o n .  

4.3.3.1 C o n t r o l l i n g  t h e  Disposal o f  S p e c i f i c  Waste Streams 

For t h i s  a l t e r n a t i v e ,  i t  i s  use fu l  t o  examine the  p o t e n t i a l  hazard o f  some 
i n d i v i d u a l  waste streams and groups o f  waste streams i n  terms o f  i n t r u d e r  
exposures. Care needs t o  be taken i n  i n t e r p r e t i n g  t h e  p o t e n t i a l  hazard o f  
i n d i v i d u a l  waste streams, however, s ince the  ac tua l  p o t e n t i a l  i n t r u d e r  hazard 
a t  any p a r t i c u l a r  s i t e  would come from a m i x t u r e  o f  waste streams, n o t  j u s t  
one i n d i v i d u a l  waste stream. This  i s  p a r t i c u l a r l y  impor tant  f o r  waste streams 
which are small  i n  volume. I n  t h i s  sec t i on ,  no c r e d i t  i s  again assumed f o r  
t h e  a b i l i t y  o f  improved waste forms t o  reduce a i rbo rne  and p l a n t  r o o t  uptake. 

As an example, a summary o f  p o t e n t i a l  i n t r u d e r  hazard t o  whole body and bone 
f o r  BWR ion-exchange r e s i n s  i s  shown i n  Table 4.4. As can be seen, t h e  p o t e n t i a l  
exposures t o  whole body and bone a r e  p r i n c i p a l l y  dominated by d i r e c t  gamma 
r a d i a t i o n  i n  the  i n t r u d e r - c o n s t r u c t i o n  and i n t r u d e r - a g r i c u l t u r e  scenarios. 
The d i f f e r e n c e s  i n  p o t e n t i a l  exposures between t h e  f o u r  spect ra f o r  t h e  t w o  
cases a re  a f u n c t i o n  o f  t h e  waste process ing o p t i o n  considered. That i s ,  f o r  
waste spectrum 1, ion-exchange r e s i n s  a re  assumed t o  be dewatered w h i l e  f o r  
waste spectrum 2, h a l f  o f  t he  r e s i n s  a re  s o l i d i f i e d  i n  cement and h a l f  i n  a 
s y n t h e t i c  polymer. The increase i n  volume r e l a t i v e  t o  the  dewatered c o n d i t i o n  
coupled w i t h  t h e  s e l f - s h i e l d i n g  prov ided by t h e  cement leads t o  a reduc t i on  i n  
exposures o f  about 2. For spectrum 3, a l l  r e s i n s  a re  s o l i d i f i e d  i n  a s y n t h e t i c  
polymer. Due t o  t h e  n e g l i g i b l e  s e l f - s h i e l d i n g  and the  d i f f e r e n t  volume increase 
f a c t o r ,  t h e  p o t e n t i a l  hazard i s  somewhat h ighe r  than spectrum 2 b u t  lower than 
spectrum 1. For spectrum 4, a l l  r e s i n s  are c a l c i n e d  and then s o l i d i f i e d  i n  a 
s y n t h e t i c  polymer. The g r e a t l y  increased volume reduc t i on  brought  about by 
t h e  c a l c i n i n g  opera t i on  leads t o  r a d i o n u c l i d e  concentrat ions i n  t h e  f i n a l  
waste form about a f a c t o r  of 18 h igher  than f o r  spectrum 3. Even w i t h  t h e  
h igher  concentrat ions,  however, p o t e n t i a l  exposures drop q u i c k l y  t o  about 
10Q mrem/yr a f t e r  500 years. 
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Also o f  i n t e r e s t  i s  t h e  p o t e n t i a l  t h y r o i d  hazard f o r  BWR r e s i n s  as shown i n  
Table 4.5. BWR ion-exchange r e s i n s  a re  est imated t o  c o n t a i n  a r e l a t i v e l y  h i g h  
concen t ra t i on  o f  1291. A1though several  r a d i  onucl i des  c o n t r i b u t e  t o  the  
t h y r o i d  exposures, t he  h i g h  c o n t r i b u t i o n  from lZ9Ir e s u l t s  i n  a somewhat 
d i f f e r e n t  p a t t e r n  o f  exposure than  f o r  whole body and bone. The c a l c u l a t i o n s  
f o r  both cases i gno re  t h e  d i l u t i o n  o f  l Z 9 I  w i t h  s t a b l e  i od ine ,  which would a c t  
t o  reduce exposures. 

A s i m i l a r  s i t u a t i o n  i s  shown i n  Table 4.6 f o r  t h e  BWR combust ib le t r a s h  stream. 
I n  waste spectrum 1, no specia l  e f f o r t  i s  made t o  reduce t h e  volume o f  t h i s  
waste stream w h i l e  i n  waste spectrum 2, t h i s  stream i s  assumed t o  be compacted. 
I n  waste spect ra 3 and 4, the stream i s  assumed t o  be i n c i n e r a t e d  and the  
ashes s o l i d i f i e d  i n  a s y n t h e t i c  polymer. O f  i n t e r e s t  are t h e  e f f e c t s  o f  
increased volume reduct ion.  Even under extreme volume reduct ion-- i .e . ,  i n c i n 
e r a t i o n - - t h e  p o t e n t i a l  hazard i s  under 500 mrem a f t e r  200 years and o n l y  a few 
m i l l i r e m s  a f t e r  400 years.  

Th is  process may be p o t e n t i a l l y  repeated f o r  t h e  o t h e r  34 waste streams. 
However, i t  i s  b e l i e v e d  t h a t  p resen t ing  t h e  r e s u l t s  would be excess ive ly  
voluminous. Table 4.6 was t h e r e f o r e  prepared, which i s  a summary o f  p o t e n t i a l  
i n t r u d e r  hazard t o  whole body and bone f o r  4 groups o f  waste streams under 
waste spectrum 2. (Waste spectrum 2 was se lec ted  s ince i t  represents  r e a d i l y  
achievable improvements i n  t h e  form o f  waste shipped f o r  d isposal . )  The 4 
groups o f  waste streams a r e  as fo l l ows :  

o 	 Group 1: LWR process waste streams ( res ins ,  f i l t e r  media, s o l i d i f i e d  
concentrated l i q u i d s  and f i l t e r  c a r t r i d g e s ) .  

o 	 Group 2: Trash waste streams f o r  b o t h  f u e l  c y c l e  and nonfuel  c y c l e  
waste streams. 

o Group 3: Other miscel laneous l o w - a c t i v i t y  waste streams. 

o 	 Group 4: Miscel laneous "spec ia l "  o r  h igh  a c t i v i t y  waste streams 
f r o m  b o t h  f u e l - c y c l e  and non fue l - cyc le  waste streams. 

As can be seen, exposures f o r  group 1(which i s  a volume-weighted average o f  7 
waste streams) a re  i n i t i a l l y  r e l a t i v e l y  h i g h  (e.g., about 5 rems a t  100 years) 
b u t  soon drop t o  r e l a t i v e  low l e v e l s  (e.g., about 500 mrem a t  280 years and 
o n l y  a few mrem a t  500 years). The hazard c a l c u l a t e d  f o r  groups 2 and 3 a re  
even l e s s  s i g n i f i c a n t .  However, t h e  hazard f rom t h e  group 4 waste streams (a 
m ix tu re  o f  7 i n d i v i d u a l  waste streams) appears t o  be s i g n i f i c a n t .  I n  a d d i t i o n ,  
t h e  p o t e n t i a l  hazard f o r  group 4 waste streams does n o t  decay as r a p i d l y  as 
t h e  o the r  group waste streams. For example, t h e  hazard i s  approximately 10 
t imes h igher  than group 1a t  100 years and a f a c t o r  o f  lo4 t imes h igher  than 
group 1a t  500 years. 

The p o t e n t i a l  hazard i n  group 4 i s  p r i n c i p a l l y  c o n t r i b u t e d  by o n l y  t h r e e  waste 
streams, t h e  t o t a l  volume of which c o n t r i b u t e s  o n l y  20,200 m3 o u t  o f  t h e  
698,000 m3 disposed o f  i n  waste spectrum 2. These are: 
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Table 4.5 

YR = 50. 
INT CONS 
ING A G R I  

YR = 100. 
INT CONS 
INT A G R I  

YR = 150. 
INT CONS 
INT A G R I  

YR = 200. 
INT CONS 
INT A G R I  

YR = 300. 
INT CONS 
INT A G R I  

YR = 400. 
INT CONS 
INT A G R I  

YR = 500. 
INT CONS 

YR = 1000. 
INT CONS 
INT A G R I  

YR = 2000. 
INT CONS 
INT A G R I  

P o t e n t i a l  I n t r u d e r  Exposures t o  Thyro id  f o r  BWR 
Ion-Exchange Resins 

(mrem) 

Spectrum 1 Spectrum 2 Spectrum 3 Spectrum 4 
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o LWR decontamination r e s i n s  (1.933E+4 m3) 
o Sources (51.51 m3) 
o LWR nonfuel  r e a c t o r  core components (797.5 m3) 

The p o t e n t i a l  hazard as a f u n c t i o n  o f  t ime f o r  whole body and bone f o r  LWR 
decontamination r e s i n s  and sources i s  g iven i n  Tables 4.8 and 4.9, respec t i ve l y .  
The p o t e n t i a l  hazard f o r  seven organs f o r  LWR nonfuel  core components i s  shown 
i n  Table 4.10. 

There i s  cons iderable u n c e r t a i n t y  about t h e  ac tua l  r a d i o n u c l i d e  concentrat ions 
i n  these waste streams. For example, t h e  LWR decontamination r e s i n  stream i s  
somewhat hypo the t i ca l  and i s  based upon an assumption t h a t  a l l  LWRs w i l l  
undergo, i n  t h e  f u t u r e ,  a p e r i o d i c  f u l l - s c a l e  decontamination process every 
7 years. The purpose o f  such f u l l - s c a l e  pr imary decontamination operat ions i s  
t o  reduce p l a n t  personnel exposure by removing c rud  accumulated on surfaces i n  
con tac t  w i t h  t h e  p r imary  coolant.  Although f u l l - s c a l e  pr imary coo lan t  decontam
i n a t i o n  operat ions have n o t  been r o u t i n e l y  performed i n  t h e  pas t ,  NRC has 
f a i r l y  r e c e n t l y  (October 1980) publ ished an environmental Impact statement 
rega rd ing  such an opera t i on  being performed a t  t h e  Dresden U n i t  P nuclear  
power s t a t i o n  (Ref. 6) .  Dresden 1 i s  a 200 MW(e) dual -cyc le  BWR which, over 
i t s  20-year ope ra t i ng  l i f e ,  has b u i l t  up a t h i n  l a y e r  o f  r a d i o a c t i v e  ox ide 
deposi ts  ( p r i n c i p a l l y  Co-60) over t h e  i n n e r  surfaces of pipes, valves,  pumps, 
e tc .  I n  the  decontamination process, a decontamination s o l u t i o n  i s  c i r c u l a t e d  
and f l u s h e d  through t h e  coo lan t  system, which ds"sso1ves t h e  crud deposi ts .  
The decontamination s o l u t i o n  i s  then removed from t h e  coo lan t  system and 
processed through an evaporator. The evaporator bottoms a re  then s o l i d i f i e d  
i n  v i n y l  e s t e r  s tyrene (a s y n t h e t i c  polymer), which a re  then shipped o f f s i t e  
f o r  d isposal .  Since t h e  s o l i d i f i e d  waste w i l l  c o n t a i n  a l a r g e  q u a n t i t y  o f  
c h e l a t i n g  agents, t h e  waste w i l l  be disposed o n l y  a t  a d isposal  f a c i l i t y  
l o c a t e d  i n  an a r i d  environment and segregated from o the r  waste by a t  l e a s t  
3 meters o f  s o i l  (Ref. 6 ) .  

Although t h e  Dresden 1decontamination opera t i on  can be considered i n  some 
respects  a p ro to type  o f  f u t u r e  f u l l - s c a l e  pr imary coo lan t  decontamination 
operat ions a t  o the r  power p l a n t s ,  i t  i s  s t i l l  d i f f i c u l t  t o  p r o j e c t  f u t u r e  volumes 
and o t h e r  c h a r a c t e r i s t i c s  o f  decontamination wastes. There may be a number o f  
p o s s i b l e  decontamination processes u t i l i z e d - - e . g . ,  from d i l u t e  chemical processes 
on an annual bas i s  t o  more concentrated processes a t  i n t e r v a l s  o f  several  years--
and t h e  waste streams generated may vary i n  k i n d  ( e . g . ,  r e s i n s ,  s o l i d i f i e d  l-e'quids) 
and i n  volume from opera t i on  t o  ope ra t i on  and p l a n t  t o  p l a n t .  Other p l a n t - s p e c i f i c  
f a c t o r s  which would i n f l u e n c e  t h e  volumes, r a d i o a c t i v i t y  content,  and o the r  char
a c t e r i s t i c s  o f  t h e  wastes generated would i n c l u d e  t h e  opera t i ng  h i s t o r y  o f  t he  
p l a n t  (e.g., h i s t o r y  o f  f u e l  f a i l u r e s ) ,  t h e  design of t h e  p l a n t  and l i q u i d  clean-up 
and process ing systems, t h e  chemistry o f  t h e  pr imary coolant ,  and the  l e n g t h  of 
t ime between decontamination operat ions.  I n s t i t u t i o n a l  mat ters  such as the  
p o l i c i e s  o f  s p e c i f i c  u t i l i t i e s  c o u l d  a lso  be a considerat ion.  

Notwi thstanding t h i s  u n c e r t a i n t y ,  t h e  NRC s t a f f  be l i eves  t h a t  wastes generated 
from r o u t i n e  f u l l - s c a l e  decontamination o f  r e a c t o r  pr imary coo lan t  systems 
should be represented i n  t h e  l ow- leve l  waste source data base. For t h i s  E I S ,  
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Table 4.8 	 Summary o f  P o t e n t i a l  1nt ruder .Hazard t o  Whole Body 
and Bone f o r  Pos tu la ted  Future LWR Decontamination 
Resin Stream 

YR = 50. 
INT CONS 
I N G  A G R I  

YR = 100. 
INT CONS 
INT A G R I  

YR = 150. 
INT CONS 
INT A G R I  

YR = 200. 
INT CONS 
INT A G R I  

YR = 300. 
INT CONS 
INT A G R I  

YR = 400. 
I N T  CONS 
INT A G R I  

YR = 500. 
INT CONS 
INT A G R I  

YR = 1000. 
INT CONS 
INT A G R I  

YR = 2000. 
INT CONS 
INT A G R I  

(mrem) 

Body Bone 
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Table 4.9 	 Summary of P o t e n t i a l  I nadver ten t  I n t r u d e r  Hazard 
f o r  Whole Body and Bone f o r  Pos tu la ted  Sources 
Stream 

YR = 50. 
INT CONS 
INT A G R I  

YR = 100. 
INT CONS 
INT A G R I  

YR = 150. 
INT CONS 
I N G  A G R I  

YR = 200. 
INT CONS 
INT A G R I  

YR = 300. 
INT CONS 
INT A G R I  

YR = 400. 
INT CONS 
INT A G R I  

YR = 500. 
INT CONS 
INT A G R I  

YR 1000. 
INT CONS 
INT A G R I  

YR = 2000. 
INT CONS 
INT A G R I  

~~ ~~~ 

(mrem) 

Body Bone 
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i t  i s  assumed t h a t  every ope ra t i ng  LWR undergoes a f u l l - s c a l e  pr imary c o o l a n t  
decontamination opera t i on  every 7 years us ing  a d i l u t e  chemical decontamina
t i o n  process. Generated wastes a r e  represented by spent i o n  exchange r e s i n s  
c o n t a i n i n g  s i g n i f i c a n t  q u a n t i t i e s  of  c h e l a t i n g  agents and o the r  decontamina
t i o n  chemicals. 

To est imate concentrat ions,  data was used based upon c rud  scrapings from t h e  
i n t e r n a l s  o f  a l i g h t  water reac to r .  Use o f  t h i s  procedure t o  est imate rad io -
n u c l i d e  concentrat ions i n  t h i s  stream r e s u l t s  i n  est imated t r a n s u r a n i c  con
c e n t r a t i o n s  i n  considerable excess o f  10 nCi/gm. Thus, t h e  waste stream as 
p o s t u l a t e d  would n o t  be acceptable f o r  d isposal  a t  e x i s t i n g  LLW disposal  
f a c i l i t i e s .  Use o f  c rud  scrapings t o  est imate concentrat ions i s  b e l i e v e d  t o  
be conservat ive and perhaps overconservat ive,  s ince data from t h e  Dresden 1 
decontamination operat ions i n d i c a t e s  t h a t  t h e  generated decontamination waste 
w i l l  have t ransu ran ic  concentrat ions l e s s  than  10 nCi/gm (Ref. 6). Despi te  
t h i s ,  however, t h e  NRC s t a f f  be l i eves  t h a t  t he  low Dresden 1t ransu ran ic  
concentrat ions may n o t  be i n d i c a t i v e  o f  a l l  f u t u r e  l a rge -sca le  decontamination 
operat ions.  As discussed above, t h e  c h a r a c t e r i s t i c s  o f  f u t u r e  decontamination 
wastes a r e  u n c e r t a i n  and may be a f u n c t i o n  o f  a number o f  p l a n t - s p e c i f i c  
cond i t i ons .  Thus, i t  would appear t o  be approp r ia te  t o  determine r a d i o n u c l i d e  
concentrat ions i n  f u t u r e  f u l l - s c a l e  decontamination waste streams on a p l a n t 
speci  f ic bas i  s .  

Another waste stream f o r  which t h e r e  i s  l i t t l e  i n f o r m a t i o n  a t  t h i s  t ime i s  t h e  
sources waste stream. Th is  waste stream i s  a composite o f  sealed sources, 
f o i l s ,  and s i m i l a r  wastes, and i n  determin ing t h e  r a d i o n u c l i d e  concentrat ions,  
t h e  h ighe r  a c t i v i t y  examples were g i ven  g r e a t e s t  cons iderat ion.  As shown i n  
Table 4.9, t h e  c a l c u l a t e d  hazard i s  extremely h igh,  which i s  u n r e a l i s t i c  and 
i s  a f u n c t i o n  o f  t h e  extremely smal l  volume (51.5 m3) o f  t h i s  waste stream. I n  
r e a l i t y ,  t he  a c t u a l  p o t e n t i a l  impacts would be much lower due t o  t h e  consider
ab le  d i l u t i o n  t h a t  would occur w i t h  t h e  o the r  lower a c t i v i t y  waste streams. 
Given t h i s ,  however, t h e  t a b l e  i s  s t i l l  use fu l  i n  t h a t  i t  i l l u s t r a t e s  t h e  
r e l a t i v e  c o n t r i b u t i o n  o f  t o t a l  hazard from d i f f e r e n t  isotopes.  I n i t i a l l y ,  
most o f  t he  hazard i s  prov ided by gamma r a d i a t i o n  emi t ted  by Cs-137 (see 
Appendix D). As the  cesium decays away (noted by t h e  c h a r a c t e r i s t i c  decay by 
a f a c t o r  o f  10 every 100 years), most o f  the longer- term hazard i s  prov ided by 
t h e  assumed h i g h  concentrat ions o f  americium from l a r g e  americium sources. 
Cur ren t l y ,  d isposal  of l a r g e  americium sources i s  n o t  p e r m i t t e d  i n  e x i s t i n g  
d isposal  f a c i l i t i e s .  NRC has, however, i nc luded  such sources i n  t h e  waste 
spec t ra  t o  a l l o w  an est imate o f  t h e  p o s s i b l e  hazard o f  t h e i r  d isposal  i n t o  a 
near-surface d isposal  f a c i l i t y .  

The t h i r d  stream--LWR nonfuel  r e a c t o r  core components--is composed o f  a c t i v a t e d  
metal and t h e  p o t e n t i a l  hazard i s  shown on Table 4.10. Since t h e  waste stream 
i s  composed o f  a c t i v a t e d  metal ,  most o f  t h e  hazard i s  from d i r e c t  gamma r a d i 
a t i o n .  As can be seen, t h e  est imated hazard i s  somewhat h ighe r  than t h e  
group 1process waste streams b u t  cons iderably  l e s s  than t h e  o the r  two streams 
discussed above. 
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Given the above analysis ,  i t  appears t ha t  by controll ing the disposal of a few 
waste streams, potential  intruder hazards could be considerably reduced. For 
example, Table 4.11 shows the potential  hazard t o  whole body and bone from a l l  
waste streams assuming tha t  the LWR decontamination stream (high TRU content) 
and the sources streams (large americium sources) are  excluded from near-surface 
disposal. Comparing Table 4.11 with Tables 4.2 and 4.3,  i t  can be seen t h a t  
removal of these two streams resu l t s  i n  only a s l i gh t ly  smaller hazard over 
the f i r s t  few hundred years,  which i s  the time period over which most o f  the 
hazard i s  dominated by d i r ec t  gamma radiation from the disposed waste. However, 
the reduction in the potential  long-term hazard i s  s ign i f icant - - i . e . ,  only a 
few millirem rather than potent ia l ly  several hundred millirem. Similarly, 
Table 4.7 i s  repeated as Table 4.12, except t ha t  the 2 waste streams in question 
are  again removed from group 4. As can be seen, removal of these waste streams 
resu l t s  in an overall reduction o f  hazard. The long-term hazard associated 
with group 4 i s  reduced by several orders of magnitude. 

4.3.4 Waste Form and Packaging 

Another way i n  which potential intruder exposures can be reduced i s  th rough  
improvements in waste form and packaging. These improvements can lead t o  
reduced exposures in two principal ways: 

1. 	 The potential  for  the waste t o  be dispersed i n t o  a form which can be 
readily inhaled o r  taken up by plant roots i s  reduced i f  the waste 
i s  placed into a s tab le  form o r  package; and 

2. 	 The likelihood that. the intruder will stay in contact with the waste 
( e . g . ,  construct in i t ,  grow crops in i t )  i s  reduced i f  the waste i s  
placed into a s tab le  form o r  package. 

4 .3 .4 .1  Effectiveness of Waste Form 

I f  the waste i s  contacted th rough  inadvertent intrusion, then potential  
inhalation exposures should be reduced i f  the waste i s  in a s t ab le ,  l ess  
dispers ible  waste form. Similarly,  exposure pathways which occur through 
consumption of food grown in contaminated ground should also be reduced i f  the 
waste were i n  a low leaching form. In order f o r  radionuclides t o  be taken up 
by plants ,  the radionuclides must f i r s t  be dissolved and leached o u t  of the 
waste. 

Different conclusions regarding the e f fec t  of waste form have been reached by 
other investigators performing analyses regarding work on waste c lass i f ica t ion .  
For example, one group of invest igators ,  i n  a study which followed t h e i r  work 
on waste c l a s s i f i ca t ion ,  questioned the option of placing the waste into a 
durable form, and concluded tha t  i t  may be be t te r  t o  disperse the waste into 
soi l  rather than concentrate i t  i n t o  a waste package where i t  may be encountered 
by an intruder (Ref. 7 ) .  As s ta ted  by the authors: 

Packaging waste in durable containers has generally been considered 
beneficial t o  waste disposal. This i s  n o t  always cor rec t ,  because an 
e f fec t ive  container prevents the waste from being diluted with the 
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surrounding s o i l .  If t h e  rec la imer  scenar ios are l i m i t i n g ,  as f o r  Class D 
and Class E waste [waste determined by t h e  authors t o  be s u i t a b l e  f o r  
d isposal  by shal low land  b u r i a l  and by a s a n i t a r y  l a n d f i l l ,  r e s p e c t i v e l y  
(see Ref. 3)] and t h e  con ta ine r  keeps t h e  waste from being d i l u t e d ,  t h e  
p o t e n t i a l  dose r a t e  t o  t h e  rec la imer  can be higher.  

I f  t h e  ground water o r  w e l l  water pathways a re  most r e s t r i c t i v e ,  then t h e  
con ta ine r  o r  chemical form o f  t h e  waste can g r e a t l y  reduce the  r a t e  a t  
which t h e  isotopes en te r  t h e  a q u i f e r .  

Other author  quest ioned t h e  p r a c t i c e  o f  us ing  p l a s t i c  bags t o  cover pieces 
o f  transuranic-contaminated equipment t o  c o n t r o l  t h e  spread o f  contaminat ion 
d u r i n g  waste hand l i ng  and d isposal .  ?he author observed an example where 
waste which had been disposed o f  14 years p r e v i o u s l y  a t  t h e  Savannah River  
P l a n t  (a humid environment) was exhumed and examined. The waste m a t e r i a l  
which had been disposed i n  p l a s t i c  bags was s t i l l  i n t a c t .  I n  some cases t h e  
w r i t i n g  on paper w i t h i n  t h e  p l a s t i c  bags was s t i l l  l e g i b l e .  ?he authors were 
concerned t h a t  a t  some i n d e f i n i t e  t ime i n  the  f u t u r e ,  an i n d i v i d u a l  cou ld  
p o t e n t i a l l y  d i g  i n t o  t h e  disposed waste t o  r e t r i e v e  an a r t i f a c t  e i t h e r  f o r  i t s  
archeologic  value o r  t o  make some use ou t  o f  it. ?he authors concluded t h a t  i t  
may be d e s i r a b l e  t o  p lace  p o t e n t i a l l y  u s e f u l  i tems i n  a degradable wrapping 
which would be adequate f o r  hand l i ng  and d isposal  b u t  would q u i c k l y  degrade i n  
s o i l .  The wrapped waste m a t e r i a l  would then tend  t o  degrade, which would 
reduce i t s  value as a p o t e n t i a l  a r t i f a c t .  As t h e  authors s t a t e  (Ref. 5): 

Th i s  i n d i c a t e d  t h a t  t h e  goal o f  p r o v i d i n g  improved packages t o  slow t h e  
m i g r a t i o n  o f  t ransu ran ics  from t h e  b u r i a l  ground may be undesirable.  The 
analyses t h a t  we have done i n d i c a t e  t h a t  t he  problem o f  movement from t h e  
area by l each ing  o r  eros ion i s  much lower than the  problem o f  a r t i f a c t s  
remaining. Th is  has l e d  t o  t h e  conclus ion t h a t  degradable packages a re  
o f  lower p o t e n t i a l  hazard than packages designed f o r  long- t ime containment. 

These conclusions, however, can be viewed d i f f e r e n t l y .  Assuming t h a t  a waste 
form and package i s  a l lowed t o  q u i c k l y  degrade so t h a t  t h e  waste rad ionuc l i des  
a re  " d i l u t e d , "  then t h e  o n l y  way t h a t  d i l u t i o n '  o f  t h e  waste cou ld  occur i s  by 
h i g h  ground-water i n f i l t r a t i o n  which would leach the  rad ionuc l i des  o u t  o f  t h e  
waste, d i s p e r s i n g  them i n  t h e  s o i l .  Such an a c t i o n  t rades a h y p o t h e t i c a l  
exposure t o  a few i n d i v i d u a l s  i n t r u d i n g  i n t o  t h e  d isposal  f a c i l i t y  f o r  a 
f a i r l y  c e r t a i n  increased l e v e l  o f  p o t e n t i a l  exposure t o  popu la t i ons  through 
increased p o t e n t i a l  f o r  graund-water m ig ra t i on .  The p o t e n t i a l  f o r  exposures 
from one pathway would be increased w h i l e  t h e o r e t i c a l l y  another pathway would 
be reduced. (As discussed i n  Chapter 5, t h i s  would a l s o  l e a d  t o  increased 
long-term cos ts  by the  s i t e  owner f o r  care and maintenance o f  t h e  c losed  
d isposal  f a c i l i t y . )  Even under very extreme ground-water i n f i l t r a t i o n  and 
leach ing  cond i t i ons ,  however, c a r r i e d  o u t  f o r  hundreds o f  years,  almost a l l  of 
t he  rad ionuc l i des  would s t i l l  be i n  t h e  immediate d isposal  f a c i l i t y  l o c a t i o n .  
(This would be p a r t i c u l a r l y  t r u e  f o r  t h e  heavy metals.) Given t h e  decomposit ion 
o f  t h e  waste f o r m  and packages t h a t  would be a l lowed t o  occur, t he  rad ionuc l i des  
would a c t u a l l y  be i n  a form which cou ld  be more r e a d i l y  dispersed i n t o  r e s p i r a b l e  
p a r t i c l e s  o r  taken up by p l a n t  roo ts .  Rather than decreasing p o t e n t i a l  i n t r u d e r  
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exposures, degradable waste packages and forms could increase such exposures,

both in the likelihood that intrusion scenarios such as housing construction 

would occur (see Section 4.3.4.3) and in the impacts that could result if the 

intrusion scenarios do occur. Furthermore, the potential for ground-water

migration would be increased. 


In the unlikely event that the facility is intruded into by an artifact hunter 

or for archeological purposes, improved waste forms and packages would also 

reduce potential impacts. The less degradation of waste forms that occur, the 

less exposures would be received by the artifact hunter while searching for 

the artifact. Assuming for the moment that a potentially valuable artifact 

was located and some time was subsequently spent polishing the artifact, then 

the less the artifact was degraded or corroded, the less the likelihood of 

respirable particles flying off. In addition, less time would be spent polishing

the artifact. Even though ancient waste dumps are often inspected by current 

archeologists to acquire information about past civilizations, such investigation

is done because the recordkeeping abilities of past civilizations was frequently 

poor and there is frequently little other way to acquire such information. 

The ability for civilization to maintain information has drastically improved

and it is unlikely that future archeologists would need to exhume disposed 

waste to study our civilization. Archeology is a painstaking science and 

articles are not just dug up. Considerable research is generally performed to 

relate objects discovered with other records or information regarding the era. 

Assuming that a potentially valuable artifact is discovered, then some 

investigation would be required by the artifact hunter to confirm the value. 

This increases the chances that the potential hazard would be discovered. 


The potential for waste form to reduce intruder impacts can.also be illustrated 
numerically. To do so, NRC analyzed two cases: a "waste form credit case" 

-and a "waste form no-credit case." 


In the "waste form credit case," the degree to which radionuclides are dispersed

from waste or are taken up by plant roots is assumed to be a function of waste 

form. For example, resins solidified in a synthetic polymer would be expected 

to be less leachable and less dispersible than dewatered resins. The relative 

degree to which wastes can be dispersed from waste is given by the following

equation: 


fw is the waste form and package factor for dispersion; 


I5 is the dispersibility index; and 


I9 is the accessibility index. 


The relative degree to which wastes may be taken up by plant roots is given by

the fol1owing equation: 
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fw= Mo x 10('-I9)x Mu1t (16,I 7  ,19) where , 

fw i s  t h e  waste form and package f a c t o r  f o r  exposures through t h e  food 
pathway ; 

M
0 

i s  t he  l each  f r a c t i o n  o f  u n s o l i d i f i e d  wastes; and 

M u l t  (I6,17,19) i s  t h e  r e d u c t i o n  due t o  s o l i d i f i c a t i o n  and the  presence 
o r  absence o f  c h e l a t i n g  chemicals which i s  cha rac te r i zed  by the l e a c h i b i l i t y  
index (I6), chemical content  index (I7), and whether waste streams c o n t a i n i n g  
c h e l a t i n g  o r  chemical agents have been segregated from o the r  wastes 
d u r i n g  d isposal  ( t he  segregat ion index, I S ) .  

The d e s c r i p t i o n  o f  t h e  d e r i v a t i o n  and use o f  these equations i s  g iven i n  
Appendix G, and they i n d i c a t e  a r e d u c t i o n  i n  d i s p e r s i o n  and p l a n t  uptake 
depending upon waste form.  It i s  be l i eved  t h a t  t he  above types o f  r e l a t i o n s h i p s  
assumed a re  reasonable; however, i t  i s  d i f f i c u l t  t o  g i v e  p r e c i s e  values t o  t h e  
parameters o r  t o  say w i t h  c e r t a i n t y  t h a t  t h e  r e l a t i o n s h i p s  w i l l  h o l d  over l o n g  
t ime per iods.  Nonetheless, they can be used t o  est imate a l e v e l  o f  hazard 
from p o t e n t i a l  i n a d v e r t e n t  i n t r u s i o n  g iven c r e d i t  f o r  a s tab le ,  nondispers ib le ,  
low leach ing  waste form. 

I n  t h e  waste form n o - c r e d i t  case, which was t h e  case assumed f o r  a l l  t he  
prev ious analyses i n  t h i s  chapter,  no c r e d i t  i s  assumed t o  be taken f o r  waste 
form i n  reducing p l a n t  uptake and a i r b o r n e  d ispers ion.  Except f o r  a c t i v a t e d  
metals,  t h e  waste i s  assumed t o  d isperse i n  a s i m i l a r  manner as s o i l .  No 
c r e d i t  i s  g iven f o r  improvements i n  waste l each ing  c h a r a c t e r i s t i c s  t o  reduce 
p l a n t  uptake o r  a i rbo rne  d ispers ion.  

4.3.4.2 Analys is  o f  Impacts 

Tables 4.13 and 4.14 p resen t  a summary o f  p o t e n t i a l  i nadve r ten t  i n t r u d e r  
exposures t o  whole body and bone as a f u n c t i o n  o f  t ime and waste spectrum, 
assuming t h a t  a l l  36 waste streams a re  u n i f o r m l y  mixed toge the r  and randomly 
disposed w i t h i n  t h e  reference d isposal  f a c i l i t y  trenches. Table 4.13 presents  
t h e  ' ' c r e d i t  case" and Table 4.14 presents  t h e  " n o - c r e d i t  case." The t ime 
pe r iods  i n d i c a t e  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  f o l l o w i n g  t h e  termin
a t i o n  o f  t h e  d isposal  f a c i l i t y  l i cense ,  which f o r  t h i s  ana lys i s  i s  assumed t o  
immediately f o l l o w  a 2-year c losu re  per iod.  

The p o t e n t i a l  hazards ( i n  mrem/yr) shown a re  summed over a l l  23 rad ionuc l i des  
considered i n  the  ana lys i s  and volume averaged over a l l  36 waste streams, and 
a re  again shown f o r  t h e  two i n t r u d e r  scenar ios-- i .e . ,  t h e  " i n t r u d e r - c o n s t r u c t  o n'l 
scenar io  and t h e  ''in t r u d e r - a g r i c u l  t u r e "  scenario. These p o t e n t i  a1 hazard 
l e v e l s  a re  c a l c u l a t e d  based upon a m ix tu re  o f  a l l  waste streams having a rang 
o f  a c t i v i t i e s .  No c o s t  o r  o the r  impact data was c a l c u l a t e d  f o r  t h i s  p a r t  o f  
t he  a n a l y s i s  due t o  the  narrow range o f  t h e  quest ion be ing  addressed and t h e  
number o f  a l t e r n a t i v e s  considered. 

As shown i n  Table 4.13 f o r  t h e  c r e d i t  case, t h e  p o t e n t i a l  exposures f o r  a l l  
f o u r  spect ra drop o f f  as a f u n c t i o n  o f  t i m e  due t o  decay o f  t he  rad io i so topes  
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w i t h i n  t h e  waste. For example, in t r u d e r - a g r i c u l  t u r e  bone doses range across 
t h e  4 spect ra from about 1.7 t o  7.3 rems a t  100 years b u t  f a l l  t o  a range o f  
o n l y  20 t o  80 m i l l i r e m s  a t  500 years.  I n  o n l y  400 years,  p o t e n t i a l  exposure 
l e v e l s  drop by 2 orders o f  magnitude. Thereaf ter ,  t h e  r a t e  t h a t  p o t e n t i a l  
exposure l e v e l s  drop i s  much l e s s  s i g n i f i c a n t - - e . g . ,  about a f a c t o r  o f  t w o  
from 500 years t o  1000 years and another f a c t o r  o f  about two from 1000 years 
t o  2000 years.  

I n  a d d i t i o n ,  i t  may be observed t h a t  p o t e n t i a l  exposures g e n e r a l l y  increase 
from waste spectrum 1t o  waste spectrum 4. For each successive waste spectra,  
a number o f  t h e  waste streams are subjected t o  more extens ive volume r e d u c t i o n  
techniques and i n c r e a s i n g l y  improved waste s o l i d i f i c a t i o n  techniques are 
employed. F o r  example, i n  waste spectrum 1 no spec ia l  e f f o r t  i s  made t o  
compact t rash .  However, combustible t r a s h  i s  compacted i n  waste spectrum 2 
and i n c i n e r a t e d  i n  waste spect ra 3 and 4. As another example, i o n  exchange 
r e s i n s  a re  assumed t o  be dewatered i n  waste spectrum 1, s o l i d i f i e d  i n  waste 
spect ra 2 and 3, and c a l c i n e d  and s o l i d i f i e d  i n  waste spectrum 4. The increased 
use o f  volume r e d u c t i o n  techniques on t h e  waste streams r e s u l t s  i n  an o v e r a l l  
increase i n  t h e  concen t ra t i on  o f  rad ionuc l i des  i n  t h e  d isposal  f a c i l i t y ,  
l ead ing  t o  h igher  p o t e n t i a l  exposures. However, s ince i t  is n o t  p r a c t i c a l  t o  
sub jec t  a l l  streams t o  extens ive volume reduc t i on ,  t h e  t o t a l  p o t e n t i a l  exposures 
on ly  r i s e s  by a f a c t o r  o f  f o u r  from spectrum 1t o  spectrum 4. (Even under 
extens ive volume reduc t i on  assumptions t h e r e  a re  s t i l l  a number o f  l o w  a c t i v i t y  
waste streams which " d i l u t e "  t he  h igher  a c t i v i t y  waste streams.) 

The improved waste forms assumed f r o m  one spectrum t o  t h e  nex t  tend t o  he lp  
m i t i g a t e  t h e  e f f e c t s  o f  t h e  increased r a d i o n u c l i d e  concentrat ions.  I n  t h e  
n o - c r e d i t  case, t he  approximate f a c t o r  o f  f o u r  d i f f e r e n c e  i s  s t i l l  observed i n  
p o t e n t i a l  i nadve r ten t  i n t r u d e r  exposures between spectrum 1and spectrum 4. 
However, t h e  l e v e l  o f  exposures f o r  a l l  f o u r  spect ra i s  h igher  f o r  t he  n o - c r e d i t  
case than f o r  t h e  c r e d i t  case. The r a t e  a t  which p o t e n t i a l  exposures drop i s  
a l so  much l e s s  f o r  t h e  n o - c r e d i t  case than f o r  t he  c r e d i t  case. F o r  example, 
t he  p o t e n t i a l  i n t r u d e r - c o n s t r u c t i o n  exposures a t  500 years are about t w o  
orders o f  magnitude h ighe r  i n  Table 4.14 than i n  Table 4.13. This  i s  due t o  
t h e  f a c t  t h a t  i n i t i a l l y ,  most o f  t h e  p o t e n t i a l  exposures a re  from d i r e c t  gamma 
r a d i a t i o n  f r o m  such isotopes as Cs-1-37 o r  Co-50. Except f o r  some a d d i t i o n a l  
s e l f - s h i e l d i n g  achieved by s o l i d i f i c a t i o n  i n  cement and t h e  somewhat decreased 
r a d i o n u c l i d e  concentrat ions r e s u l t i n g  from s o l i d i f i c a t i o n ,  improvements i n  
waste form have l i t t l e  e f f e c t  on reducing t h e  d i r e c t  gamma r a d i a t i o n  component 
o f  the c a l c u l a t e d  hazard. However, most o f  these p o t e n t i a l  gamma exposures 
would be caused by r e l a t i v e l y  s h ? r t - l i v e d  isotopes,  and as shown i n  Table 4.13, 
these decay a f t e r  a few hundred years t o  r e l a t i v e l y  l o w  l e v e l s .  

A s  t h e  s h o r t e r - l i v e d  gamma-emitting isotopes decay away, t h e  most s i g n i f i c a n t  
exposures are caused by l o n g e r - l i v e d  isotopes which genera l l y  c o n t r i b u t e  t o  
t h e  exposures through i n h a l a t i o n  and food pathways. (An except ion i s  Nb-94, 
which i s  a l o n g - l i v e d  gamma-emitting isotope.)  For example, exposures from 
1-129 o r  Tc-99 would be g e n e r a l l y  c o n t r i b u t e d  through food pathways w h i l e  
exposures f r o m  t ransu ran ics  would be genera l l y  c o n t r i b u t e d  through i n h a l a t i o n  
pathways. The p o t e n t i a l  exposures f r o m  Sr-90, which i s  r e l a t i v e l y  s h o r t - l i v e d  
(28-year h a l f - l i f e ) ,  would a l s o  be main ly  c o n t r i b u t e d  by t h e  food pathway. 
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As a f u r t h e r  i l l u s t r a t i o n ,  Tables 4.15 and 4.16 are i nc luded  which p rov ide  
waste form c r e d i t  example impacts f o r  BWR i o n  exchange res ins .  Table 4.15 
i l l u s t r a t e s  exposures t o  whole body and bone w h i l e  Table 4.16 i l l u s t r a t e s  
exposures t o  t h y r o i d .  Tables 4.15 and 4.16 may be compared aga ins t  t h e  
r e s p e c t i v e  waste form n o - c r e d i t  cases i n  Tables 4.4 and 4.5. Comparing Table 
4.4 w i t h  Table 4.15, i t  appears t h a t  a l though some r e d u c t i o n  i n  exposures f o r  
t h e  waste form c r e d i t  case a r e  ev ident ,  t h e  r e d u c t i o n  i s  n o t  p a r t i c u l a r l y  
high. This  i s  because exposures t o  whole body and bone a re  main ly  dominated 
by  d i r e c t  gamma r a d i a t i o n ,  and t h e  r e d u c t i o n  i n  d i s p e r s i b i l i t y  and p l a n t  
uptake i l l u s t r a t e d  by t h e  waste form c r e d i t  case (Table 4.15) has no e f f e c t  on 
t h e  r a d i a t i o n  l e v e l s .  Taking c r e d i t  f o r  waste form has more e f f e c t  on p o t e n t i a l  
exposures t o  t h e  t h y r o i d ,  s ince  much o f  t h e  t h y r o i d  exposure i s  due t o  inges
t i o n  o f  1-129 and reduced leach ing  would r e s u l t  i n  reduced uptake by p l a n t s .  
For  waste spectrum 3, f o r  example, c a l c u l a t e d  t h y r o i d  exposures a f t e r  400 years 
a r e  reduced from t h e  n o - c r e d i t  case by a f a c t o r  o f  about 6. 

Thus, t h e  c r e d i t  g iven t o  t h e  waste form i n  reducing d i spe rs ion ,  i n h a l a t i o n ,  
and p l a n t  uptake would appear t o  r e s u l t  i n  l e s s  s i g n i f i c a n t  r e d u c t i o n  i n  impacts 
d u r i n g  t h e  f i r s t  few 100 years,  b u t  l e a d  t o  reduced impacts over t h e  nex t  
several  hundred years. Dur ing t h e  f i r s t  few hundred years,  t h e  exposures are 
predominant ly due t o  d i r e c t  gamma r a d i a t i o n  exposure from s h o r t e r - l i v e d  gamma-
e m i t t i n g  nuc l ides.  Dur ing t h e  nex t  few 100 years,  t h e  s h o r t e r - l i v e d  nuc l i des  
decay, and exposures a r e  p r i n c i p a l l y  due t o  i n h a l a t i o n  and i n g e s t i o n  o f  t h e  
l o n g e r - l i v e d  rad ionuc l i des .  The a c t u a l  values o f  t h e  r e s u l t s  a re  recognized 
t o  be uncer ta in ,  b u t  do i n d i c a t e  t h a t  improved waste forms and packaging would 
h e l p  t o  reduce p o t e n t i a l  i n t r u d e r  exposures. 

Before ana lyz ing  t h e  c o s t  and b e n e f i t s  o f  improved s t a b l e  waste forms i n  
d e t a i l ,  t h e  need f o r  p l a c i n g  wastes i n t o  s t a b l e  waste forms and t h e  long-term 
e f f e c t i v e n e s s  o f  s t a b l e  waste forms should f i r s t  be evaluated. The need f o r  
p l a c i n g  wastes i n t o  s t a b l e  forms i s  reviewed i n  t h e  nex t  subsect ion which 
addresses t h e  second aspect o f  improved waste forms-- i .e. ,  t h e  r e d u c t i o n  i n  t h e  
1ik e l  ihood o f  inadver tent  in t r u s i  on. 

4.3.4.3 Reduction i n  t h e  L i k e l i h o o d  o f  I nadver ten t  I n t r u s i o n  

The two i n t r u d e r  scenar ios analyzed bo th  con ta in  one very l a r g e  assumption--that 
t h e  so i l /waste m ix tu re  i n  which c o n s t r u c t i o n  o r  a g r i c u l t u r e  takes p lace  i s  more 
o r  l e s s  i n d i s t i n g u i s h a b l e  from d i r t .  That i s ,  t h e  waste has decomposed t o  t h e  
p o i n t  t h a t  t h e  i n t r u d e r  does n o t  know he i s  c o n t a c t i n g  waste. Th is  assumption 
i s  necessary s ince  w i t h o u t  it, the  scenar ios c o u l d  n o t  happen. Wastes c u r r e n t l y  
be ing  sent  t o  d isposal  f a c i l i t i e s  cover a wide v a r i e t y  o f  forms and contained 
a c t i v i t i e s .  About 60 percent  o f  t h e  volume o f  t h e  waste i n  waste spectrum 1 
t h a t  i s  assumed t o  be disposed i n  t h e  reference d isposal  f a c i l i t y  c o n s i s t s  of 
miscel laneous t r a s h  which i s  r e l a t i v e l y  unstable i n  t h a t  i t  decomposes, degrades, 
and compresses r a p i d l y .  It i s  conceivable t h a t  a f t e r  several  hundred years,  
such wastes streams would be decomposed t o  t h e  p o i n t  where c o n s t r u c t i o n  o r  
a g r i c u l t r u a l  a c t i v i t i e s  cou ld  take p lace  w i t h o u t  a p o t e n t i a l  i nadve r ten t  
i n t r u d e r  r e a l i z i n g  t h a t  something was wrong ( i . e . >  t h a t  he was d i g g i n g  i n t o  
something o t h e r  than s o i l ) .  I n  a d d i t i o n ,  such waste streams are unstable and 
t h e i r  decomposit ion can l e a d  t o  slumping and subsidence o f  d isposal  c e l l  covers 
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Table 4.16 P o t e n t i a l  I n t r u d e r  Exposures t o  Thyro id  f o r  BWR 
I o n  Exchange Resins (Cred i t  Case) 

(mrem) 
~ ~ ~~ ~~ ~ ~~ 

Spectrum 1 Spectrum 2 Spectrum 3 Spectrum 4 

YR = 50. 
INT CONS 
ING A G R I  

YR = 100. 
INT CONS 
INT A G R I  

YR = 150. 
INT CONS 
INT A G R I  

YR = 200. 
INT CONS 
INT A G R I  

YR = 300. 
INT CONS 
INT A G R I  

YR = 400. 
INT CONS 
INT A G R I  

YR = 500. 
INT CONS 
INT A G R I  

YR = 1000. 
INT CONS 
I N T  A G R I  

YR = 2000. 
INT CONS 
INT A G R I  
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at the disposal faci1ity, i ncreasing rainfal1 percolation i nto the disposal
facility, and further accelerating waste decomposition. 

Other wastes, however, are composed of more stable material such as liquids
solidified into concrete. If such wastes are indiscriminately mixed with 
compressible wastes, then it is conceivably possible that construction and 
agriculture activities could take place without the inadvertent intruder 
realizing that something was wrong. Such stable waste streams may be suffi
ciently dispersed through the waste that the presence of an odd lump or two 
would be ignored. In addition, a higher level of decomposition of the stable 
waste would be expected due to disposal of the stable waste with the unstable 
waste. 

If, on the other hand, the stable wastes were segregated from the easily
degradable wastes, then the potential for degradation of the stable waste 
would be greatly decreased. Even after several hundred years, the waste mass 
should stilt be clearly recognizable as something other than ordinary dirt. 
It is not credible to suppose that an individual would attempt t o  construct a 
house on o r  grow crops in a location characterized by large stacked metal 
cylinders filled with concrete. For such cases, exposures would be confined 
to those received during discovery of the disposed waste. Upon discovery, it 
is reasonable to expect that the intruder would cease operations while the 
matter would be investigated. As discussed below under institutional controls 
(Section 4.3.8), all knowledge about a disposal facility should not be lost 
and information about the facility would be assessed in determining a proper 
course o f  action with respect to the inadvertent intruder. If the individual 
chose to ignore information about the facility, the event would no longer be 
considered inadvertent intrusion. 

Potential inadvertent intruder hazards were calculated for the base case based 
upon an assumption that all waste streams are randomly mixed together during
disposal. Due to the slumping, subsidence, and higher infiltration that would 
be associated with this disposal practice, rapid waste degradation could 
occur. As just discussed, however, if the wastes were placed into a stable 
form or package and were also segregated and disposed of in separate disposal
cells so that waste degradation would be minimized, then the likelihood o f  
inadvertent intrusion would be greatly reduced. It i s  not credible to suppose
that such activities as housing construction or gardening could take place
under these conditions since the inadvertent intruder would contact hunks o f  
waste and realize that something is wrong. Potential exposures would be limited 
to those received during discovery of the waste. As an illustration, Table 4.17 
may be compared with Table 4.18. Table 4.17 was prepared by removing the 
decontamination resin and sources waste streams (L-DECONRS and N-SOURCES) and 
dividing the remaining 34 streams into two groups: a "high activity" group
and a "low activity" group. The high activity group is composed of LWR process 
wastes (group l), PWR and BWR noncompactible trash, and the remaining 5 waste 
streams in group 4. Waste spectrum 2 is assumed, for which all of the waste 
streams in the high activity group have been placed into a stable form which 
will resist rapid decomposition. The low activity group is composed of the 
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remaining 20 waste streams, i n c l u d i n g  t h e  remaining t r a s h  streams and t h e  
streams composing group 3. The low a c t i v i t y  stream i s  composed o f  compressible 
waste forms which e a s i l y  degrade and can l e a d  t o  t r e n c h  subsidence. Table 4.18 
shows t h e  p o t e n t i a l  hazard o f  t h e  same h i g h  a c t i v i t y  waste assuming t h a t  i t  i s  
disposed o f  i n  a segregated manner from t h e  low a c t i v i t y  group. I n  t h i s  case, 
t he  i n t r u d e r - a g r i c u l t u r e  scenar io does n o t  occur and the  hazard i s  c a l c u l a t e d  
based upon a small  number o f  hours d u r i n g  which t h e  i n a d v e r t e n t  i n t r u d e r  i s  
exposed through t h e  assumed d iscovery scenar io.  Comparing Table 4.17 w i t h  
Tabl'e 4.18, t h e  d i f f e r e n c e  i n  p o t e n t i a l  impacts i s  s t r i k i n g .  

Table 4.18 	 P o t e n t i a l  Hazard t o  Whole Body and 
Bone f a r  High A c t i v i t y  Group w i t h  
Segregation (Waste Spectrum 2) 

Waste Form C r e d i t  Waste Form No-Credi t  

Year Body Bone Body Bone 

50 1.37E+2 1.37E+2 1.37E+2 1.38E+2 

100 4.16E+1 4.16E+1 4.16E+1 4.19E+1 

150 1.31E+1 1.31E+1 1.31E+1 1.34E+1 

200 4.16E+O 4.17E+O 4.18�+0 4.36E+O 

300 4.52E-1 4.53E-1 4.62E-1 6.12E-1 

400 8.27E-2 8.40E-2 9.14E-2 2.23E-1 

500 4.57E-2 4.68E-2 5.34E-2 1.72E-1 

1000 4.00E-2 4.08E-2 4.49E-2 1.25E-1 

2000 3.81E-2 3.86E-2 4.09E-2 9.45E-2 

The cos ts  and impacts o f  p l a c i n g  t h e  h ighe r  a c t i v i t y  wastes i n t o  a s t a b l e  form 
and d i spos ing  o f  them i n  separate segregated d isposal  c e l l s  i s  analyzed i n  
d e t a i l  i n  Chapter 5 as w e l l  as o the r  a l t e r n a t i v e s  evaluated by NRC t o  achieve 
long-term s t a b i l i t y .  Rather than repea t ing  t h e  a n a l y s i s  here, t h e  reader i s  
r e f e r r e d  LO Chapter 5. 

4.3.4.4 E f fec t i veness  o f  Stable Waste Form 

One l a s t  issue remains-- i .e. ,  how l o n g  i s  i t  necessary t o  r e l y  on t h e  s t a b l e  
waste form? 
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If the disposal cell is stabilized so that minimum infiltration is introduced 
to the disposal cell, then the waste form should be effective against intrusion 
for several hundred years. It is not reasonable, however, to expect this to 
be the case indefinitely. From Table 4.18 one can see that after several 
hundred years (i.e., on the order of 500 years), most of the shorter-lived 
radionuclides will have decayed away, leaving the longer-lived radionuclides. 
The reduction in hazard after 500 years takes place at a much slower rate. It 
would appear, then, that for most wastes, a limit of 500 years would appear to 
be the maximum reasonable upper bound. Attempting to reduce intruder impacts
through waste form beyond 500 years would for most wastes really not accomplish
much in the way of additional protection. In addition, the period of time upon
which institutional controls are relied upon will also effect the long-term
stability of waste. After institutional control ceases a higher rate of infiltra
tion into disposal cells could occur leading to an increased rate of waste 
decomposition. 

4.3.5 	 Engineered and Natural "Intruder Barriers" Created Through Facility

Design and Operations 


Another method by which the hazard to a potential intruder may be reduced is 
to dispose of the waste in a manner that would make it more difficult for a 
potential intruder to contact the waste--that i s ,  by placing one or more 
natural or engineered barriers between the waste and the intruder. The majority 
of the waste streams that could require disposal by methods that provide
protection against inadvertent intrusion would probably also be characterized 
by high surface radiation levels. Some wastes having high surface radiation 
levels may be dominated by short-lived isotopes, and therefore may not be of 
significant concern to a potential future inadvertent intruder. However, the 
temporarily high radiation levels associated with such wastes would still 
require additional care during waste handling and disposal operations. It is 
useful, therefore, to consider a number of potential waste disposal concepts
which may offer increased protection against the actions of a potential
inadvertent intruder, while at the same time offer increased worker radiation 
protection during waste handling and disposal operations. 

Typically, only a small fraction (about 10%) of the packages received at 
commercial radioactive waste disposal facilities would be characterized by
elevated exposure rates (e.g., greater than 5 R/hr). These wastes pose some 
restrictions on operations at disposal facilities. At the present time, most 
high exposure rate ("hot") waste is dealt with on a case-by-case basis. For 
example, optimal locations for shielding in trenches are often reserved for 
high exposure rate waste packages. Optimal locations in trenches can include 
corner locations and positions between waste packages having low activity
levels. Additionally, rapid partial backfilling of high exposure rate packages 
may be employed to reduce radiation levels to acceptable working levels. 

Special "hot" waste disposal cells have been employed from time to time at 
some of the commercial disposal facilities, as well as at some of the U.S .  
Department of Energy radioactive waste disposal facilities. The types of 
disposal cells that have been employed for disposal o f  high exposure rate 
waste packages have included slit trenches, caissons, reinforced concrete 
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culver t  pipes, concrete walled trenches, auger holes, and toner tubes (a specif ic  
type of caisson with a basket funnel for  introducing waste packages). These 
disposal c e l l s  serve t o  provide shielding protection from the high radiation 
Fields associated with h o t  waste packages. 

NRC analyzed a number of  such potential barr iers  t o  an intruder and these are 
described in detai l  in Appendix F. The bar r ie rs  considered and additional costs 
are shown in Table 4.19. These costs are  for  f a c i l i t y  design and operation and 
do n o t  include costs for  long-term care. In general, the bar r ie rs  can be grouped 
into three major categories as follows: 

Table 4.19 	 Summary of Incremental Barrier Costs 
For Faci l i ty  Design and Operation 

~~ 

Additional D i  sposal Costs 

Type of Barrier $/m3 

No barr ie r  0 0 

Thicker cap - 3m of soi l  1.59 0.05 

Thicker cap - 3m of compacted 
clay 10.89 0.31 

Layered waste disposal 37.73 1.07 

S l i t  trench (10% o f  waste) 91.49 2.59 

Caisson disposal (10% of waste) 216.45 6.13 

Walled trench (10% of waste) 256.09 7.25 

Walled Trench (100% of waste) 160.99 4.56 

Grouting--cement? 60.46 1 .71  

Grouting--low-strength cement? 46.86 1.33 

Engineered intruder barr ier  59.17 1.68 

Intermediate depth burial 53-159 1.50-4.50 

Mined cavity 327-654 9.26-18.52 

Ocean disposal 710-2200 20.11-62.31 

Space disposal 2E+S 56,600 

$/ f t”  Note 

* 
* 

* 
** 
** 
** 
** 
* 
* 
* 
* 
* 
* 
* 
* 

*Unit costs based upon 1,000,000 m3 of waste disposed. 
**Unit costs based upon volume of waste disposed by the 

disposal method indicated. For t h i s  t ab le ,  the costs 
are  based upon a volume o f  about 100,000 m3. 

?Unit costs include additional costs f o r  stacked waste 
empl incement. 
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1. 	 Engineered bar r ie rs  including caisson disposal, walled trenches, 
grouting, and a special "engineered intruder barr ier" ;  and 

2. 	 Depth of disposal including thicker trench caps, layered waste 
disposal,  and s l i t  trenches; 

3. 	 Other methods of disposal including intermediate depth bur ia l ,  
mined cav i t i e s ,  ocean disposal,  and space disposal. 

An important consideration f o r  these and other forms of intruder bar r ie rs  i s  
whether the bar r ie rs  are  needed. As discussed previously, most waste streams 
contain re la t ive ly  low levels of ac t iv i ty  while some contain re la t ive ly  high 
levels of  ac t iv i ty .  I t  would n o t  appear t o  be ju s t i f i ed  t o  require tha t  a l l  
waste streams would require disposal using a bar r ie r  t o  an intruder. For most 
waste streams, the potential  hazard f a l l s  off rapidly w i t h  time, e .g . ,  t o  
levels on the order.of a few millirems o r  l ess  a f t e r  a few hundred years. 
Thus, the use of such bar r ie rs  would only be required f o r  the higher ac t iv i ty  
waste streams. 

4 .3 .5 .1  Engineered Barriers 

The engineered bar r ie rs  analyzed included the use of caissons, walled trenches, 
g r o u t i n g ,  and the use of a specially engineered intruder barr ier .  Caissons and 
walled trenches a re  examples of  the use of "engineered structures" for  waste 
disposal. Other possible engineered s t ructure  designs have been examined 
elsewhere (Ref. 8). 

Each engineered bar r ie r  i s  described below. In general, the engineered bar r ie rs  
can provide an effect ive deterrent t o  an inadvertent intruder,  b u t  a t  re la t ively 
high cost .  

Caisson Disposal 

To represent the estimated costs and anticipated benefits  of use of caissons, 
tubes, and reinforced concrete pipes f o r  disposal of h i g h  ac t iv i ty  waste, an 
example case employing reinforced concrete pipes, i s  evaluated. In the i l l u s t r a t i v e  
example presented in Appendix F, each such ''hot" waste disposal ce l l  i s  assumed 
t o  consist  of a 30-in (0.6 m )  inside diameter reinforced concrete culvert  pipe 
which i s  24 f t  (7.3 m )  i n  length. These culvert  pipes a re  inserted ver t ica l ly  
into a s l i t  trench which i s  15 m (50 f t )  in length, 1 .5  m (5 f t )  in w i d t h ,  and 8 m 
(26 f t )  in depth. 

Each s l i t  trench can accommodate 16 of the reinforced concrete culver t  pipes, 
which can accommodate e i the r  55- o r  83-gallon drums. Larger diameter pipes would 
be used f o r  larger  waste packages. A s  a r e su l t  of the lower potential  for  slope
fa i lu re  resul t ing from the la te ra l  s t ructural  suppor t  provided by the culvert  
pipes and the shielding provided by the concrete, the inter-trench spacing can be 
reduced. Therefore, each s l i t  trench i s  assumed t o  be separated from adjacent 
trenches by a minimum of 1 m (3.3 f t ) .  This resu l t s  in an overall land use 
efficiency which i s  about 60 t o  65% o f  the efficiency attained for  the reference 
trenches (180 m x 30 m x 8 m )  described in Appendix E. 
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I n  t h e  example, cos ts  a re  est imated f o r  d isposal  o f  10% o f  t h e  waste received 

a t  t h e  d isposal  f a c i l i t y  be ing disposed through caisson d isposal .  The est imated 

c o s t  d i f f e r e n t i a l  f o r  t h i s  o p t i o n  i s  about $216/m3 ($6.13/ft3). These costs  were 

c a l c u l a t e d  assuming t h a t  no sho r ing  was used t o  c o n s t r u c t  t h e  caisson trenches. 

I f  such sho r ing  were requi red,  u n i t  d i f f e r e n t i a l  costs  would be h igher .  The 

r e d u c t i o n  i n  occupat ional  dose a f f o r d e d  by t h i s  o p t i o n  i s  probably  s i m i l a r  t o  

t h a t  est imated f o r  t h e  s l i t  t r ench  case descr ibed below (10 t o  20%). 


Concrete-Walled Trench Disposal 


A second t ype  o f  " h o t  waste" d isposal  c e l l  which has been employed f o r  se lec ted  

wastes i n  f o r e i g n  c o u n t r i e s  (e.g., Chalk River,  Canada) i s  t h e  concrete-wal led 

t rench. For i l l u s t r a t i v e  purposes, a concrete-wal led t r e n c h  i s  assumed t o  be 

const ructed o f  r e i n f o r c e d  concrete and t o  have i n s i d e  dimensions o f  12 m 

l eng th ,  3 m width,  and 7 m depth. The w a l l  th ickness o f  t h e  wa l l ed  t r e n c h  i s  

assumed t o  be 0.3 m (1ft). The dimensions o f  these w a l l e d  t renches can be 

increased t o  be a b l e  t o  handle l a r g e r - s i z e d  waste packages. The w a l l e d  trenches 

descr ibed here a r e  capable o f  handl ing 55- and 83-gal lon drums, l a r g e  wooden 

boxes, and s t e e l  l i n e r s .  A l l  v o i d  spaces between emplaced waste packages may 

be f i l l e d  w i t h  e a r t h  o r ,  f o r  increased s t a b i l i t y  and i n t r u d e r  p r o t e c t i o n ,  by a 

c o n t r o l l e d  d e n s i t y  f i l l  such as concrete o r  g rou t .  F i l l e d  trenches a r e  covered 

by a 1 m t h i c k  concrete cap f o l l o w e d  by a l a y e r  o f  overburden graded f o r  

drainage. 


The spacing between wa l l ed  t renches i s  assumed t o  be a minimum o f  3 m as a 

r e s u l t  o f  t h e  requirements f o r  concrete forming work. Due t o  t h e  l a r g e r  

spacing r e q u i r e d  f o r  t h i s  type o f  d isposal  c e l l  and t h e  volume l o s t  by t h e  

w a l l  displacement, t h e  l a n d  use e f f i c i e n c y  d isposal  c e l l  i s  c a l c u l a t e d  t o  be 

l e s s  than 25% o f  t h a t  f o r  t h e  reference t rench.  


D i f f e r e n t i a l  cos ts  a re  est imated f o r  (1) an example i n  which 10% o f  t h e  waste 

volume d e l i v e r e d  t o  t h e  d isposal  f a c i l i t y  i s  assumed t o  be disposed i n  concrete 

w a l l e d  t renches, and (2) an example i n  which 100% o f  t h e  waste i s  disposed i n  

concrete w a l l e d  trenches. These d i f f e r e n t i a l  costs  a re  c a l c u l a t e d  i n  Appendix F 

t o  be about $256/m3 f o r  t h e  former example, and about $161/m3 f o r  t h e  l a t t e r  

example. E f f e c t s  o f  economics o f  sca le a r e  apparent. A d d i t i o n a l  l a n d  use f o r  

t h e  two examples are,  r e s p e c t i v e l y ,  4.1 acres and 39.5 acres. Costs ( f o r  10%) 

o f  waste disposed a r e  seen t o  be h ighe r  than t h e  ca isson t rench  example; 

however, l e s s  a d d i t i o n a l  l a n d  i s  requi red.  


Grou t ing  


Grou t ing  and t h e  use o f  c o n t r o l l e d  d e n s i t y  f i l l  would g e n e r a l l y  s i g n i f i c a n t l y  

discourage most p o t e n t i a l  i n t r u d e r s ,  a l though t h e  a b i l i t y  t o  excavate c o n t r o l l e d  

d e n s i t y  f i l l  i s  h ighe r  than t h a t  f o r  r e g u l a r  cement. The use o f  low-st rength 

cement ( a t  a c o s t  of $47/m3) would o f f e r  i n t r u d e r  p r o t e c t i o n  b u t  n o t  as much 

as h igher -s t reng th  cement a t  a c o s t  o f  $6Q/m3. ( U n i t  cos ts  i nc lude  cos ts  f o r  

stacked waste emplacement.) The waste would need t o  be p laced i n  l a y e r s  a f t e r  

which each l a y e r  would be grouted. A d d i t i o n a l  t ime  would a l s o  be r e q u i r e d  t o  
c a r r y  o u t  g r o u t i n g  operat ions.  
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Engineered I n t r u d e r  B a r r i e r  

The cons t ruc t i on  o f  an engineered b a r r i e r  t o  t h e  i n t r u d e r  would a l s o  s i g n i f i 
c a n t l y  discourage most p o t e n t i a l  i nadve r ten t  i n t rude rs .  For purposes o f  
ana lys is ,  NRC assumed such a b a r r i e r  would c o n s i s t  o f  m u l t i p l e  l aye rs  o f  
d i f f e r e n t  m a t e r i a l s  p laced on t o p  o f  t h e  waste which would p rov ide  bo th  depth 
i n  excess o f  t h a t  assoc iated w i t h  most cons t ruc t i on  and a g r i c u l t u r a l  a c t i v i t i e s  
as w e l l  as m a t e r i a l s  such as aspha l t ,  concrete,  and cobbles t h a t  would need t o  
be removed a t  a r e l a t i v e l y  h i g h  c o s t  t o  c a r r y  o u t  such a c t i v i t i e s .  The c o s t  
f o r  such a b a r r i e r  i s  h igh  ($59/m3) and i t  would be d i f f i c u l t  t o  ma in ta in  i f  
subsidence were a problem because o f  t h e  m u l t i p l e  l aye rs  o f  var ious  mater ia ls .  

4.3.5.2 Depth o f  Disposal  

The most obvious b a r r i e r  i s  depth o f  d isposal .  P lac ing  t h e  waste a t  g rea te r  
depths would be expected t o  remove i t  from most o f  man's near-surface a c t i v i t i e s .  
For example, r a i s i n g  t h e  th ickness  o f  t h e  cap t o  approximately 3 meters would 
r e s u l t  i n  a th ickness  o f  approximately 4 m between ground sur face  and t h e  t o p  
o f  t h e  disposed waste. The a l t e r n a t i v e s  considered inc luded t h i c k e r  t rench  
caps, layered waste d isposa l ,  and s l i t  t renches. 

Thicker  Disposal  C e l l  Covers 

One a l t e r n a t i v e  which may be used t o  minimize t h e  p o t e n t i a l  f o r  i n t r u s i o n  i s  
s imply  t o  increase t h e  th ickness  o f  t h e  cover over t h e  d isposal  c e ? l s .  

A t  t h e  reference d isposa l  f a c i l i t y ,  t h e  waste i s  assumed t o  be emplaced t o  a 
l e v e l  approx imate ly  one meter below t h e  t o p  o f  t h e  t rench.  Th is  one meter 
space i s  f i l l e d  w i t h  overburden, and a cap i s  then emplaced which i s  a l so  
assumed t o  be one meter t h i c k .  Th is  r e s u l t s  i n  approximately 2 meters (6.6 ft) 
o f  e a r t h  between t h e  t o p  o f  t h e  waste and t h e  sur face  o f  t h e  ground. Th is  
th ickness  o f  cover would probably  prec lude con tac t  o f  t h e  waste through most 
p o t e n t i a l  a g r i c u l t u r a l  a c t i v i t i e s ,  b u t  may s t i l l  a l l o w  p a r t i a l  con tac t  through 
such a c t i v i t i e s  as cons t ruc t i on  o f  a basement f o r  a house. 

An a d d i t i o n a l  3 meters o f  overburden would r a i s e  t h e  d is tance between t h e  
waste and t h e  ground sur face  t o  about 5 meters (16.4 ft). The th ickness  would 
p lace  t h e  t o p  o f  t h e  disposed waste about 2 meters below t h e  l e v e l  t h a t  t y p i c a l  
basements would be cons t ruc ted  (about 3 m). An ear then th ickness  o f  3 t o  5 
meters would a l s o  be expected t o  p lace  t h e  waste below t y p i c a l  burrowing 
depths o f  many burrowing i nsec ts  and animals, as w e l l  as below t h e  r o o t  depths 
o f  many p l a n t  s p e c i e s - - p a r t i c u l a r l y  many f o o d  crops. 

A t  e x i s t i n g  d isposal  f a c i l i t i e s ,  d isposa l  t renches are  excavated, f i l l e d  w i t h  
waste, covered over w i t h  p r e v i o u s l y  excavated s o i l s ,  and capped. There i s  
u s u a l l y  cons iderable excess d i r t  f rom t rench  excavat ion and t h i s  d i r t  i s  
genera l l y  app l i ed  as a d d i t i o n a l  overburden over t h e  t rench  cap. E x i s t i n g  
d isposa l  f a c i l i t i e s  o f t e n  have as much as 2.4 t o  3.7 m (8 t o  12  f e e t )  o f  e a r t h  
separa t ion  between t h e  t o p  o f  t h e  disposed waste and t h e  sur f2ce o f  t h e  ear th .  
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Based upon t h e  assumption t h a t  a d d i t i o n a l  costs  f o r  f i l l  r o y a l t i e s ,  haul ing,  
spreading, and compaction e f f o r t s  w i l l  be accrued, i t  i s  est imated t h a t  i nc reas ing  
t h e  th ickness o f  t h e  t rench  cover by 3 meters w i l l  r e s u l t  i n  an increased 
opera t i ona l  c o s t  o f  about $ l l /m3 o f  waste ($0.31/f t3) .  Th is  f i g u r e  i s  based 
upon t h e  assumption t h a t  t he  a d d i t i o n a l  f i l l  i s  obta ined from a c l a y  borrow 
area l o c a t e d  10 m i l e s  o f f s i t e .  The c o s t  c o u l d  be s u b s t a n t i a l l y  reduced i f  t h e  
a d d i t i o n a l  f i l l  i s  obta ined from excess excavated ear th .  I n  t h i s  l a t t e r  case, 
a d d i t i o n a l  design and opera t i ona l  cos ts  would be reduced t o  a ou t  $2/m3. o f  
course, t h e  c l a y  cap prov ides g rea te r  p r o t e c t i o n  aga ins t  p e r c o l a t i o n  i n t o  t h e  
disposed waste, r e s u l t i n g  i n  reduced waste decomposition and lowered ground-water 
m i  g r a t i  on. 

I n  a s i m i l a r  ve in ,  an increased d is tance between t h e  ground sur face and t h e  
top  o f  t h e  disposed waste cou ld  be achieved by i nc reas ing  t h e  th ickness o f  
earthen m a t e r i a l  between t h e  t o p  o f  t h e  waste and t h e  t o p  o f  t h e  t rench. For 
example, i f  on ly  the  bottom 4 m o u t  o'f t h e  8 m xcavat ion were used f o r  waste 
d isposal ,  t h e  th ickness o f  m a t e r i a l  between t h e  waste and t h e  t a p  o f  t h e  
t rench  cap would be increased t o  5 m (16.4 ft). The reduc t i on  i n  p o t e n t i a l  
i n t r u d e r  impacts would be equ iva len t  t o  t h e  case descr ibed above rega rd ing  
increased overburden th ickness,  b u t  would be brought about by decreased l a n d  
use e f f i c i e n c y .  I f  a t  t he  reference d isposal  f a c i l i t y  o n l y  t h e  bottom 4 m 
( i n s t e a d  o f  t h e  bottom 7 m) o f  a l l  d isposal  t renches were used f o r  waste 
d i sposa l ,  then t h e  l and  use e f f i c i e n c y  would be dropped from 2.9 m3/m2 t o  
approximately 1.6 m3/m2. The land  area committed t o  waste d isposal  would be 
r a i s e d  from 87 acres t o  about 105 acres, and t h e  numbep o f  d isposal  t renches 
cons t ruc ted  r a i s e d  from 58 t o  105. Due to t h e  a d d i t i o n a l  amount o f  t r ench  
cons t ruc t i on ,  f i l l i n g ,  grading, seeding, and o the r  roundskeeping a c t i v i t i e s  
t h a t  would be performed, cos ts  would be p r o p o r t i o n a t e l y  r a i s e d  (by about 
$5/m3 1. 

Layered Waste Disposal 

P r o t e c t i o n  aga ins t  i nadve r ten t  i n t r u s i o n  may be accomplished by l a y e r i n g  o f  
t h e  waste according t o  t h e  r e l a t i v e  hazard o f  t h e  waste, The concept o f  
t r e n c h  l a y e r i n g  i nvo l ves  placement o f  wastes having a h igher  p o t e n t i a l  hazard 
a long t h e  bottom o f  t h e  t r e n c h  w i t h  wastes having a lower p o t e n t i a l  hazard 
empl aced on top. Typica l  l y  , higher  p o t e n t i  a7 hazard waste enera l  l y  would 
i nc lude  waste packages cha rac te r i zed  by h i g h  sur face r a d i a t i o n  l e v e l s  o r  
was%es t h a t  c o u l d  pose a s i g n i f i c a n t  a i rbo rne  hazard i f  d i s t u r b e d  by excavat ion.  

Layered waste d isposal  would use t h e  same trenches descr ibed i n  t h e  reference 
d isposal  f a c i l i t y  (Appendix E).  I n  t h e  reference f a c i l i t y  t rench,  only t h e  
bottom 7 m o u t  o f  t h e  8 m excavated i s  used f o r  d isposal  o f  waste. For l aye red  
waste d i sposa l ,  t h e  bottom 2 m (6.6 f t)  o f  t h e  excavat ion i s  assumed t o  be 
used f o r  d isposal  o f  h ighe r  p o t e n t i a l  hazard waste m a t e r i a l .  The remaining 
3-5 m o f  a v a i l a b l e  space i s  used f o r  d isposal  o f  lower p o t e n t i a l  hazard waste 
m a t e r i a l .  Thus, t he  i nadver ten t  i n t r u d e r  would have t o  d i g  through 2 m o f  
b a c k f i l l  and 3-5 m o f  lower hazard waste before encounter ing waste t h a t  cou ld  
r e s u l t  i n  a s i g n i f i c a n t  p o t e n t i a l  exposure. Excavat ion work t h a t  uncovered 
boxes and drums of l o w  a c t i v i t y  waste would probably  discourage f u r t h e r  
excavat ion l ong  be fo re  the  more hazardous m a t e r i a l  were reached. Layered 
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waste d i  sposal would a1so h e l p  t o  reduce personnel exposures d u r i n g  d isposal  
operat ions,  by p r o v i d i n g  a d d i t i o n a l  s h i e l d i n g  f o r  wastes having h i g h  gamma 
r a d i a t i o n  l e v e l s .  

The o p t i o n  o f  l aye red  waste d isposal  would n o t  apprec iab ly  a l t e r  design, 
operat ions o r  l a b o r  requirements, However, t h e r e  would have t o  be an adequate 
mix o f  lower hazard t o  h igher  hazard waste on hand t o  a l l o w  f o r  successful  
implementat ion o f  t h e  o p t i o n  ( i . e . ,  a lower hazard waste t o  h ighe r  hazard waste 
volume r a t i o  o f  about 2.5 t o  1o r  greater) .  Ma in ta in ing  an i n p u t  o f  waste a t  
t h i s  r a t i o  c o u l d  on occassion r e q u i r e  e i t h e r  c a r e f u l  schedul ing o f  i n p u t  from 
waste generators,  and/or implementing g rea te r  storage c a p a b i l i t y  a t  t h e  s i t e .  
It migh t  a l s o  be necessary t o  have t h e  c a p a b i l i t y  o f  t r a n s p o r t i n g  t h e  waste 
from a s i t e  waste storage area. Therefore, ope ra t i ona l  changes a t  t h e  d isposal  
f a c i l i t y  m igh t  i n v o l v e  temporary storage o f  waste, a d d i t i o n a l  coo rd ina t i on  o f  
waste r e c e i p t  and emplacement, and t r a n s p o r t  o f  s to red  waste f rom t h e  storage 
area t o  t h e  d isposal  t rench. The o n l y  s i g n i f i c a n t  ope ra t i ona l  c o s t  d i f f e r e n c e s  
woil ld i nc lude  p o s s i b l e  c o n s t r u c t i o n  o f  an inexpensive moderately s i z e d  waste 
storage f a c i l i t y  (e.g., an open-sided roo fed  s t r u c t u r e  in tended t o  p rov ide  some 
weather p r o t e c t i o n  f o r  t h e  s t o r e d  wastes, and perhaps a storage pad w i t h  t a r p o l i n s  
f o r  l a r g e  packages), and t h e  a q u i s i t i o n  o f  an o n s i t e  t r a n s p o r t  v e h i c l e  (e.g., a 
f l a t b e d  t ruck ) .  Since these h i g h  a c t i v i t y  wastes a l s o  p resen t  g r e a t e r  p o t e n t i a l  
f o r  m i g r a t i o n  and t h e  need f o r  g rea te r  s t a b i l i t y  over t h e  long-term as discussed 
i n  Chapter 5, t h e  lower a c t i v i t y  wastes used f o r  l a y e r i n g  should a l s o  be i n  a 
s tab le ,  noncompressible form. The est imated c o s t  d i f f e r e n t i a l  f o r  t h i s  o p t i o n  
i s  about $38 p e r  m3 of waste r e q u i r i n g  l aye red  d isposal .  No a d d i t i o n a l  l a n d  
would be committed t o  waste d isposal .  

SI i t  Trench Disposal 

A s l i t  t r e n c h  t y p i c a l l y  has a l e n g t h  dimension which i s  more than 5 t imes t h e  
w i d t h  dimension (width dimension i s  g e n e r a l l y  l e s s  than 5 meters). The assumed 
dimensions o f  v e r t i c a l - w a l l e d  s l i t  t renches i n  t h i s  E I S  a re  20 m i n  length,  
3 m i n  width,  and 8 m i n  depth. The minimum spacing employed between s l i t  
t renches i s  assumed t o  be 2 m. The assumed d isposal  e f f i c i e n c y  i s  50%, which 
means t h a t  o n l y  50% o f  t h e  t o t a l  a v a i l a b l e  v o i d  space i s  e v e n t u a l l y  occupied 
by waste packages. 

It i s  assumed t h a t  10% o f  t h e  waste volume rece ived  a t  t h e  f a c i l i t y  w i l l  
ulre disposal  us ing  s l i t  trenches. The assumed s l i t  t r e n c h  dimensions and 

spacing imply t h a t  t h e  l and  use e f f i c i e n c y  o f  s l i t  t r ench  d isposal  i s  approx
i m a t e l y  h a l f  t h e  e f f i c i e n c y  o f  t h e  reference trenches (180 m x 30 m x 8 m) 
descr ibed i n  Appendix E ( o r  about 4.7 ft*/ft3). The a n t i c i p a t e d  c o s t  d i f f e r 
e n t i a l  between t h e  base case u n i t  d isposal  c o s t  and t h e  near-surface d isposal  
f a c i l i t y  employing s l i t  t renches f o r  "hot"  waste i s  about $91 pe r  m3 o f  waste 
disposed i n t o  s l i t  trenches. Th is  c o s t  i s  c a l c u l a t e d  assuming t h a t  no sho r ing  
i s  used d u r i n g  s l i t  t r e n c h  c o n s t r u c t i o n  and waste emplacement. I f  sho r ing  were 
used--e i ther  t o  a l l o w  c o n s t r u c t i o n  work i n s i d e  t h e  s l i t  t renches o r  t o  ma in ta in  
s i d e  w a l l s  d u r i n g  waste emplacement--then u n i t  cos ts  for s l i t  t r e n c h  operat ions 
would be considerably  higher.  
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The s l i t  t r e n c h  o p t i o n  r e s u l t s  i n  an a d d i t i o n a l  2.8 ha (7 acres) committed t o  

waste d isposal .  The o v e r a l l  l a n d  use e f f i c i e n c y  f o r  t h i s  o p t i o n  i s  est imated 

t o  be 8.75 ft3/ft2(mixture o f  r e g u l a r  and s l i t  trenches). The major a n t i c i  

pated b e n e f i t  o f  employing t h i s  o p t i o n  i s  a r e d u c t i o n  i n  t h e  occupat ional  

exposures rece ived  by t h e  waste emplacement l a b o r  f o r c e  a t  t h e  d isposal  f a c i l i t y .  

It i s  est imated t h a t  t h e  use o f  s l i t  t renches can p o s s i b l y  reduce occupat ional  

exposures by between 10 and 26%. lJse o f  s l i t  t renches f o r  h igh  a c t i v i t y  

wastes would be expected t o  reduce p o t e n t j a l  i n t r u d e r  exposures by a f a c t o r  o f  

about two. A drawback t o  the  use o f  these s l i t  trenches a re  t h e  moderate 

slope f a i l u r e  hazards e x i s t i n g  f o r  v e r t i c a l - w a l l e d  trenches. I n  a d d i t i o n ,  t h e  

r e s t r i c t e d  w i d t h  dimensions o f  s l i t  t renches may prec lude t h e  u r i a l  o f  very  

l a r g e  waste packages. 


4.3.5.3 Other Methods o f  Disposal 


Since t h i s  EIS i s  l i m i t e d  t o  near-surface d isposal ,  NRC i d  n o t  analyze i n  

d e t a i l  o the r  methods o f  d isposal .  Other methods o f  d isposal ,  however, such as 

i n te rmed ia te  depth b u r i a l ,  mined c a v i t i e s ,  and ocean and space d isposal  can be 

very e f f e c t i v e  aga ins t  i n t r u s i o n .  F o r  example, use o f  a mined c a v i t y  would 

p lace  t h e  waste several  hundred meters below t h e  sur face o f  t h e  e a r t h - - f a r  

below most a c t i v i t i e s  o f  man. Space d isposal  removes t h e  waste e n t i r e l y  f r o m  

t h e  e a r t h ‘ s  surface. However, bo th  opt ions a re  very expensive-- i .e. ,  $560 t o  

$840 p e r  cubic  meter f o r  mined c a v i t y  d isposal  (no t  i n c l u d i n g  posto 

costs)  and $2 mi l l ion/m3 f o r  space d isposal .  I n  t h e  case o f  space 

technology f o r  r o u t i n e  implementat ion o f  t h i s  o p t i o n  i s  n o t  a v a i l a b l e  at t h e  

present  t ime  and t h e  p o t e n t i a l  hazards are unknown. Therefore,  i f  space d isposal  

were r e q u i r e d  f o r  a l l  l ow- leve l  waste, then l a r g e  q u a n t i t i e s  o f  l ow- leve l  waste 

would need t o  be s t o r e d  u n t i l  t h e  technology was f u l l y  developed. This  would be 

extremely expensive t o  l icensees.  


Waste can a l s o  be disposed o f  a t  much deeper depths. The o p p o r t ~ n i t i e sf o r  do ing 

so may be l i m i t e d  a t  most eastern d isposal  s i t e s ,  and an i n te rmed ia te  depth 

disposal  f a c i l i t y  a t  a western s i t e  (an unused open-p i t  mine) i s  i l l u s t r a t e d  i n  

Appendix F as an example. Th is  i s  expected t o  be e f f e c t i v e  aga ins t  p o t e n t i a l  

i n t r u s i o n  b u t  c o u l d  a l s o  be expensive. The reader i s  r e f e r r e d  t o  Appendix F f o r  

f u r t h e r  i n fo rma t ion .  With respect  t o  mined c a v i t y  d isposal ,  t h e r e  are c u r r ~ ~ t l ~  

no mined c a v i t y  d isposal  f a c i l i t i e s  l i c e n s e d  t o  operate i n  t h e  country.  If a l l  

l ow- leve l  waste were r e q u i r e d  t o  be disposed o f  by t h i s  method, then 

c u r r e n t l y  be ing generated would have t o  be s t o r e d  u n t i l  mined c a v i t y  f a c i l i t i e s  

were 1icensed. 


4 . 3 . 6  I n s t i t u t i o n a l  Contro ls  


Another mechanism f o r  reducing p o t e n t i a l  impacts t o  a p o t e n t i a l  i nadve r ten t  

i n t r u d e r  i s  use o f  i n s t i t u t i o n a l  c o n t r o l s .  


4.3.6.1 Background 


I n s t i t u t i o n a l  c o n t r o l s  a re  c o n t r o l s  which r e q u i r e  performance o f  some a c t i o n  

by a governmental agency t o  prec lude human con tac t  w i t h  the  waste, o r  r e q u i r e  

a c o n t i n u i n g  soc i  a1 order .  Examples in c l  ude t h e  f o l  1owing: 
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o 	 Access t o  a d isposal  s i t e  can be c o n t r o l l e d  t o  r e s t r i c t  en t r y .  For 
example, t h e  s i t e  can be surrounded by a fence o r  o the r  b a r r i e r  t o  
human o r  l i v e s t o c k  i n t r u s i o n .  This  b a r r i e r  can be posted w i t h  
warnings n o t  t o  i n t r u d e  upon the  s i t e .  I n  a d d i t i o n ,  t he  s i t e  can be 
under r o u t i n e  s u r v e i l l a n c e  by r e g u l a t o r y  and/or law enforcement 
agencies t o  assure cont inued i n t e g r i t y  o f  t h e  fence and t o  i n s p e c t  
f o r  p o s s i b l e  disturbance. 

o 	 C o n t r o l l e d  p roduc t i ve  use o f  t h e  s i t e  su r face - - fo r  example, construc
t i o n  o f  a g o l f  course--can be c a r r i e d  o u t  under r e g u l a t o r y  agency 
l i censed  c o n t r o l .  I n  such instances, access t o  t h e  s i t e  can be 
p a t r o l l e d  o r  otherwise r e s t r i c t e d  by those l i censed  t o  use t h e  s i t e .  
C o n t r o l l e d  p roduc t i ve  s i t e  use cou ld  a l s o  r e s u l t  i n  income which may 
p a r t i a l l y  o f f - s e t  a d m i n i s t r a t i v e  costs  i n c u r r e d  by t h e  l i c e n s e d  
c u s t o d i a l  agency. 

o 	 P e r i o d i c  i nspec t i on  o f  t h e  d isposal  s i t e  and mon i to r i ng  f o r  p o t e n t i a l  
ground-water re?eases can be performed by a r e g u l a t o r y  o r  o the r  
governmental agency. (The a c t  o f  mon i to r i ng  and i n s p e c t i o n  necessa r i l y  
i m p l i e s  an understanding o f  t h e  p o t e n t i a l  hazards conta ined w i t h i n  
t h e  s i t e . )  

Th is  p e r i o d  o f  t i m e  can be termed a p e r i o d  o f  a c t i v e  observat ion.  Gradual ly,  
however, such a c t i v e  means o f  i n s t i t u t i o n a l  c o n t r o l s  a re  a n t i c i p a t e d  t o  decrease. 
The i n t e r v a l  between inspec t i ons  lengthens. As r e g u l a t o r s  move on t o  o t h e r  
concerns, g r a d u a l l y  l e s s  t i m e  and e f f o r t  i s  p laced upon s u r v e i l l a n c e  and 
c o n t r o l  o f  a p a r t i c u l a r  s i t e .  

U l t i m a t e l y ,  i n s t i t u t i o n a l  c o n t r o l s  must a l s o  r e l y  upon r e l a t i v e l y  pass ive 
means i n v o l v i n g  some manner o f  s o c i a l  order.  The types o f  c o n t r o l s  which 
would be r e l i e d  upon d u r i n g  t h i s  pass ive c o n t r o l  p e r i o d  can inc lude  t h e  
f ol  1owi ng: 

o 	 The l o c a t i o n  o f  t he  d isposal  f a c i l i t y  as w e l l  as the  l o c a t i o n  o f  
s p e c i f i c  d isposal  areas on t h e  f a c i l i t y  can be referenced t o  USGS 
benchmarks. Long- last ing monuments can be emplaced which c o n t a i n  an 
i n s c r i p t i o n  d e s c r i b i n g  the  nature o f , t h e  hazard. 

o 	 The l o c a t i o n  and c o n f i g u r a t i o n  o f  t h e  d isposal  f a c i l i t y ,  t oge the r  
w i t h  a d e s c r i p t i o n  o f  t he  hazard, can be inexpensive ly  recorded and 
maintained i n  a number o f  d i f f e r e n t  l o c a t i o n s  on a l o c a l ,  county, 
s t a t e ,  and n a t i o n a l  l e v e l .  Th is  redundancy i n  recordkeeping would 
h e l p  t o  ensure t h a t  knowledge o f  t h e  d isposal  f a c i l i t y  would be 
re ta ined .  

o 	 Contro l  o f  t h e  d isposal  f a c i l i t y  s i t e  can be maintained by a 
responsib le  government body-- that  i s ,  t he  f e d e r a l  government o r  t h e  
government o f  t h e  s t a t e  i n  which t h e  s i t e  i s  located. Government 
ownership o f  t h e  l a n d  minimizes t h e  p o t e n t i a l  f o r  p o s s i b l e  abandonment 
o f  t h e  s i t e .  S ta te  o r  f ede ra l  ownership i s  a l ready a requirement i n  
e x i s t i n g  NRC r e g u l a t i o n s  i n  10 CFR P a r t  20. 
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o 	 The t i t l e  t o  the disposal s i t e  ( the deed) can contain a convenant 
which spec i f ica l ly  warns of  the potential  hazard and specif ies  a 
r e s t r i c t ion  on the use of the land. 

Probably the most s ign i f icant  concepts for  long-term passive ins t i tu t iona l  
control measures are  those of control o f  the land by a governmental organiza
t ion ,  land-use r e s t r i c t ions  in the form of t i t l e s  o r  deeds, and mult ipl ic i ty  
of records. As c iv i l iza t ions  have evolved over the centur ies ,  soc ie t ies  have 
charac te r i s t ica l ly  erected superstructures (governments) t o  perform services--
f o r  example, protection of l i f e ,  health,  and property--which are  less  conveniently 
performed by individuals. Among the  function performed by governments a re  
control o f  t i t l e s  t o  and uses of property. Placing the long-term control of a 
disposal s i t e  into the hands of a government organization helps t o  ensure tha t  
such motivies as p r o f i t  and loss do not lead t o  possible abandonment of the 
property, o r  sa le  for  inappropriate uses. 

Certain governmental functions, such as tax col lect ing,  land controls,  and an 
in t e re s t  i n  the health and welfare of the society,  are  independent o f  the type 
and form of government involved. Whether the government i s  c a p i t a l i s t i c  o r  
s o c i a l i s t i c ,  democratic o r  autocrat ic ,  use of  land i s  controlled f o r  what i s  
perceived t o  be the maximum benefit  of  the society. From time t o  time soc ie t ies  
have al tered ( o r  have had a l te ra t ions  performed by outside means) t h e i r  type 
and form o f  government by peaceful o r  violent means. Yet, these soc ie t ies  
have merely changed the form of the government, n o t  eliminated government 
altogether.  The government may change b u t  the ins t i tu t ion  of g o ~ @ r ~ ~ e n tdoes 
n o t  change. Germany, f o r  example, has w i t h i n  the l a s t  60 years undergone a 
number of upheavals resul t ing in radical changes i n  i t s  government. During 
these upheavals, temporary breakdowns in several governmental functions have 
occurred. However, such functions were re la t ive ly  quickly resumed by the 
newly es,tablished governments. 

In the system familiar t o  Western cul ture ,  land may be owned by a government, 
an individual, o r  an organization. T i t l e  t o  the land i s  expressed th rough  
deeds--which often contain r e s t r i c t ions  o r  specifications on the use ~f the 
land. Legal r e s t r i c t ions  and administrative requirements ( f o r  example, records) 
are  imposed upon the ownership and t ransfer  of the land. O n  a number o f  
occasions, t i t l e  f o r  a par t icular  property has remained in the same hands--that 
i s ,  by a family, an organization, o r  a government--for several centuries.  

Similarly,  the t i t l e  t o  a piece of property may change hands, b u t  the use of 
the land for  a par t icu lar  purpose ( f o r  example, cemeteries) will remain 
essent ia l ly  the same for  very long time periods. Even f o r  land owned and used 
co l lec t ive ly ,  some organization controls the t i t l e  t o  and prescribes the use 
of the land. The land i s  used f o r  a specified purpose ( f o r  example, farming) 
by a par t icular  group of people, and the land futhermore has boundaries. 

control of a near-surface disposal f a c i l i t y  s i t eThe principle of ~ o v e r n ~ ~ n t  

does n o t  preclude productive use of the land. The surface of  a near-surface 

disposal f a c i l i t y ,  fo r  example, can probably be used in perfect sa fe ty ,  as long 

as the users o f  the land are  precluded from excavating deeply i n t o  the subsurface. 

Indeed, controlled use of the land may be potent ia l ly  encouraged as a means t o  

col lec t  revenues t o  o f f - se t  the administrative costs o f  exercising control.  
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Markers on d isposal  c e l l s  which p rov ide  an approximate q u a n t i f i c a t i o n  o f  t h e  
hazard o f  disposed waste can a l s o  p rov ide  a pass ive warning t o  f u t u r e  generat ions 
t h a t  something o u t  o f  t h e  o r d i n a r y  has occurred a t  t h e  s i t e .  The use o f  such 
markers i s  c u r r e n t  p r a c t i c e  a t  a l l  e x i s t i n g  d isposal  f a c i l i t i e s .  T y p i c a l l y  a t  
c u r r e n t  s i t e s ,  a d isposal  t rench  w i l l  be marked w i t h  a monument i n s c r i b e d  w i t h  
a t  l e a s t  t h e  f o l l o w i n g  in format ion:  

o 	 T o t a l  a c t i v i t y  o f  r a d i o a c t i v e  m a t e r i a l ,  i n  c u r i e s ,  exc lud ing  source 
and spec ia l  nuc lear  m a t e r i a l s ;  t o t a l  amount o f  source m a t e r i a l  i n  
k i lograms; and t o t a l  amount o f  spec ia l  nuc lear  m a t e r i a l ,  i n  grams, 
i n  t h e  t rench;  

o Date o f  f i l l i n g  and capping t h e  trench; and 

o Volume o f  waste i n  the  t rench. 

T y p i c a l l y ,  t h e  i n f o r m a t i o n  i s  i n s c r i b e d  upon a metal p l a t e  which i s  mounted 
onto a stone. I n  a d d i t i o n ,  marker stones a re  f r e q u e n t l y  used t o  denote the  
corners o f  a d isposal  t rench. Costs f o r  such markers have been inc luded  i n  
the  cos ts  f o r  t h e  reference d isposal  f a c i l i t y .  

4.3.6.2 L i m i t a t i o n s  t o  I n s t i t u t i o n a l  Con t ro l s  

I n s t i t u t i o n a l  c o n t r o l s  such as those o u t l i n e d  i n  the  preceding s e c t i o n  can be 
used t o  p r o t e c t  aga ins t  t h e  ac t i ons  o f  an i n a d v e r t e n t  i n t r u d e r .  However, such 
i n s t i t u t i o n a l  c o n t r o l s  a r e  e f f e c t i v e  o n l y  i n s o f a r  as they l a s t .  Markers and 
monuments es tab l i shed  a t  a d isposal  s i t e  may be s t o l e n  o r  defaced and t h e  
na tu re  o f  t h e  hazard may be b u r i e d  i n  f o r g o t t e n  governmental f i l e s .  Land-use 
r e s t r i c t i o n s  may be p o t e n t i a l l y  ignored o r  a f u t u r e  government bureaucracy may 
s imply  m is taken ly  re lease  a s i t e  f o r  i napprop r ia te  use. 

It i s  probably  n o t  r e a l i s t i c ,  however, t o  assume t h a t  i n s t i t u t i o n a l  c o n t r o l s  
would be completely l o s t  f o r  extended t ime  per iods.  It i s  c e r t a i n l y  n o t  c r e d i b l e  

a l lt o  assume t h a t  - knowledge o f  a d isposal  f a c i l i t y  would be l o s t .  As p r e v i o u s l y  
discussed, records o f  t h e  d isposal  f a c i l i t y ,  i n c l u d i n g  t h e  p r e c i s e  l o c a t i o n s  o f  
waste d isposal  c e l l s  re ferenced t o  a bench mark, may be maintained i n  a number o f  
separate l oca t i ons .  I n  a d d i t i o n ,  t h e  general l o c a t i o n  o f  a d isposal  f a c i l i t y  
would l i k e l y  be maintained i n  any number o f  o the r  records.  The l o c a t i o n s  o f  
e x i s t i n g  d isposal  f a c i l i t i e s  have been descr ibed i n  l i t e r a l l y  thousands o f  news
paper and magazine a r t i c l e s ,  p ro fess iona l  j ou rna ls ,  and p r i v a t e - and government-
pub l i shed  documents. 

Taking a l l  p o s s i b l e  pass ive c o n t r o l  measures together ,  i t  seems reasonable t o  
expect t h a t  i n s t i t u t i o n a l  c o n t r o l s  may be reasonably e f f e c t i v e  i n d e f i n i t e l y .  
As s t a t e d  e a r l i e r ,  t h e r e  are a number of  examples o f  p r o p e r t y  ownership o r  
c o n t r o l  by an i n s t i t u t i o n  o r  o r g a n i z a t i o n  f o r  cen tu r ies .  However, d u r i n g  t h i s  
t ime pe r iod ,  t h e r e  i s  a p o s s i b i l i t y  o f  one o r  more occurrences where i n s t i t u 
t i o n a l  c o n t r o l s  may break down, l e a d i n g  t o  i n a p p r o p r i a t e  use o f  t h e  s i t e  and 
p o t e n t i a l  human exposures. I n  t h e  extreme, such occurrences may inc lude  such 
a c t i v i t i e s  as c o n s t r u c t i o n  o f  a housing development, as was t h e  case a t  Love 
Canal. ( A t  Love Canal, however, houses were n o t  const ructed d i r e c t l y  i n t o  
disposed waste. Human c o n t a c t  w i t h  t h e  disposed waste was caused by l each ing  
o f  contaminants o u t  o f  t h e  disposed waste by ground water and movement of t h e  
contaminants through t h e  ground water and i n t o  areas i n h a b i t e d  by humans). 
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Compared to other types of potential environmental hazards, radiation is 
comparatively easy to detect. Furthermore, techniques to detect radiation are 
certain to become more sophisticated as time goes by. Future societies will 
undoubtedly continue to have organizations which are concerned with the health 
and well-being of the society's citizens. Any type of environmental, social, 
or warlike event that would completely eliminate all consideration of the 
public health and safety (and of instruments to detect potentially harmful 
radionuclides) would be so calamitous in nature that the potential impacts
from the disposal facility would be entirely secondary. 

In addition, it is likely that if someone sometime in the future did excavate 
into a near-surface disposal facility site, it would occur to the person that 
something was out of the ordinary and he would take steps to investigate the 
situation. A scenario that someone may excavate into disposed waste and grow
vegetables on the exposed waste necessarily incorporates a somewhat farfetched 
presumption that all of the waste is sufficiently decomposed so that it is 
homogeneously mixed with soil. As discussed earlier, as long as the waste is 
in a stable waste form, then extensive construction or agricultural activities 
are not considered credible. Even under conditions of rapid decomposition of 
wastes which are disposed in an unstable form, extensive construction or 
agricultura's activities must be considered unlikely. 

Still, accidents happen, and it i s  reasonable to assume that, after a given
period of time after disposal, some temporary breakdown in institutional 
controls may lead to an inadvertent use of a closed disposal facility which 
leads to potential exposures to a few individuals. As in the case of Love 
Canal, this could happen not because of a conscious decision to ignore public
health and safety, but because someone simply made a mistake. 

The maximum time period for which active institutional controls can be relied 
upon to preclude inadvertent intrusion has been investigated by a number of 
people (Refs. 1-5, 9). In EPA's "Proposed Criteria for Radioactive Wastes, 
Recommendations for Federal Radiation Guidance," (as published in the Federal 
Register in November 1978 (43 FR 53262) (Ref. 9)), EPA proposed that a limit 
of 100 years should be used as a limit for the length of institutional controls. 
This limit was proposed based upon consideration of public input received at a 
number of public forums on radioactive waste disposal held by EPA. 

In various studies exploring ways in which to classify radioactive waste for 
disposal, different institut,ional control periods have been used (Ref. 1-5).
The institutional control periods assumed in these studies were all less than 
a few hundreds of years and ranged in these studies from 100 to 200 years. 

The maximum time period that should be assumed for active institutional controls 
was discussed extensively at a series of 4 regional workshops held on the 
preliminary draft of the Part 61 rule. These workshops were held in Atlanta, 
Georgia; Denver, Colorado; Chicago, Illinois; and Boston, Massachusetts. A more 
detailed summary of these workshops is contained in Appendix C. The general 
consensus of these workshops was that a 100-year limit for active institutional 
controls was appropriate. NRC also quantitatively analyzed varying periods of 
active institutional control ranging from 50 to 300 years. This analysis was 
performed concurrently with that leading to selection o f  the preferred performance
objective and is described in Section 4.5. 
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4.4 CONCLUSIONS AND COMPARATIVE EVALUATION OF ALTERNATIVES 

I n  summary, there a re  many potential methods which could be implemented t o  
reduce potential  exposures t o  an inadvertent intruder. All methods would 
involve increased costs f o r  disposal--some s ignif icant ly .  In addition, many 
waste streams contain very small quant i t ies  of radioactivity and i t  would n o t  
appear t o  be reasonable t o  require the additional expense f o r  a l l  waste streams, 
par t icular ly  considering the hypothetical nature of  the intrusion scenarios. 
Some cr i te r ia - -preferen t ia l ly  based upon a dose level t o  a few individuals--is 
needed t o  dist inguish between waste streams which should be disposed with 
additional protection against potential  intrusion and those waste streams f o r  
which t h i s  would n o t  be necessary. Such a dose level would a lso establ ish the 
level of safety t o  assure protection o f  an inadvertent in t ruder - - i . e . ,  a 
performance objective for  intrusion. 

I t  a lso appears t ha t  f o r  most cases,  simply layering the disposed wastes would 
provide suf f ic ien t  protection t o  an intruder. For some streams perhaps even 
more additional protection would be needed--for example, use of a walled 
trench. Finally,  some waste streams may n o t  be sui table  f o r  near-surface 
disposal . 

In determining which waste streams may n o t  be acceptable f o r  near-surface 
disposal,  one of the key questions i s  how long barr iers  t o  a potential  intruder 
may be expected t o  l a s t .  Such bar r ie rs ,  of course, would be expected t o  l a s t  
several hundred years b u t  n o t  forever. Some barr iers  may l a s t  longer than 
others. For example, the effectiveness of a ' ' h o t  waste f a c i l i t y "  (walled trench) 
discussed above t o  deter  the actions of a potential intruder could be expected 
t o  l a s t  longer than the intruder barr ier  provided by layering. As discussed 
above, the " h o t  waste f a c i l i t y "  i s  assumed t o  consis t  in t h i s  EIS of  a disposal 
trench which has a 0 . 3  m thick concrete base, 0 .3  m th ick concrete walls,  and a 
one-meter thick concrete cap. This trench may be then covered over with f i l l .  

From the analyses performed for  t h i s  EIS, i t  can be seen tha t  due t o  radioactive 
decay, exposures t o  a potential  inadvertent intruder from almost a19 waste 
streams typical ly  considered t o  be LLW f a l l  t o  a few millirems a f t e r  a few 
hundred years--e.g. ,  500 years. After 500 years,  only a few waste streams are  
estimated t o  r e su l t  in potential  intruder exposures of a few hundred millirems. 
Very few (e .g . ,  one o r  two) streams having small volumes are estimated t o  resu l t  
in potential  intruder exposures exceeding 500 mrem a f t e r  500 years. A time 
period of 1,000 years was assumed f o r  a ' ' ho t  waste f ac j l j t y"  t o  provide an upper
estimate of the degree t o  which near-surface disposal techniques can reduce 
potential  intruder exposures. 

O n  the other hand, waste streams t h a t  a re  generally considered t o  be "high-
level waste" (e.g.  s spent reactor fue l ,  so l id i f ied  f i r s t  solvent extraction 
stages from a nuclear fuel reprocessing plant)  contain much higher i n i t i a l  
levels  of radioactivity.  Typically, the potential hazard from high-leuel 
waste disposal i s  dominated by f iss ion products over approximately the f i r s t  
600 years. After t ha t  approximate time period, most of the fission-product 
ac t iv i ty  has decayed, except f o r  iodine-129 and technetium-99; radioact ivi ty  
i s  dominated thereaf te r  by the act inides--e .g . ,  U ,  Np, P u ,  Am, Cm and t h e i r  
daughters. 
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This  p o i n t  was recognized by NRC d u r i n g  development o f  t he  r e g u l a t i o n  10 CFR 6.0 
f o r  geolog ic  d isposal  o f  h i g h - l e v e l  waste. I n  t h e  Federal Regis ter  Advance 
No t i ce  o f  Proposed Rulemaking on t h i s  r u l e  (Ref. lo), t he re  was inc luded  a d r a f t  
requirement t h a t  h i g h - l e v e l  wastes should be p laced  i n t o  a c a n i s t e r  t h a t  would 
l a s t  f o r  1,000 years t o  a l l o w  decay o f  t h e  f i s s i o n  products.  Th is  requirement 
was l a t e r  i nc luded  as p a r t  o f  t h e  P a r t  60 r u l e  proposed i n  J u l y  1981 (Ref. 11). 
It i s  apparent, then, t h a t  wastes which s t i l l  con ta in  apprec iab le a c t i v i t y  a f t e r  
severa l  hundred years (e.g., 500 years) would appear t o  more c l o s e l y  resemble 
h igh - leve l  waste than what i s  u s u a l l y  considered t o  be l ow- leve l  waste. 

F i n a l l y ,  l i m i t a t i o n s  on t h e  e f f e c t i v e n e s s  o f  b a r r i e r s  t o  a p o t e n t i a l  i nadve r ten t  
i n t r u d e r  was discussed a t  t h e  reg iona l  workshops on t h e  P a r t  6 1  r e g u l a t i o n .  
A t  these workshops, t h e r e  appeared t o  be general agreement t h a t  a t ime p e r i o d  
o f  500 years seemed approp r ia te  f o r  most easy-to-implement i n t r u d e r  b a r r i e r s .  

Based upon t h e  analyses and d iscuss ion o f  t h e  prev ious subsections, t h e  f o l l o w i n g  
conclusions can be reached: 

1. 


2. 

3.  

4. 


5. 

The p o t e n t i a l  f o r  i nadve r ten t  human i n t r u s i o n  i n t o  a c losed d isposal  
f a c i l i t y  a t  some p o i n t  a f t e r  c l o s u r e  o f  t h e  d isposal  f a c i l i t y  i s  
l i k e l y .  Extensive i n t r u s i o n  a c t i v i t i e s  such as major housing o r  
apartment c o n s t r u c t i o n  a re  u n l i k e l y .  The p o t e n t i a l  exposures from 
i n a d v e r t e n t  i n t r u s i o n  a r e  r e l a t i v e l y  h i g h  f o r  t h e  f i r s t  few hundred 
years ( i . e . ,  3-6 r e d y e a r )  b u t ,  prov ided a few waste streams a re  
removed, then drop t o  a low l e v e l  (few mrem/year). 

Some waste streams p resen t  r e l a t i v e l y  l i t t l e  hazard t o  an i nadver ten t  
i n t r u d e r .  Some p resen t  an i n i t i a l  h i g h  p o t e n t i a l  hazard. I f  
i n a d v e r t e n t  i n t r u d e r s  can be p r o t e c t e d  aga ins t  c o n t a c t i n g  these 
l a t t e r  waste streams f o r  a few hundred years,  then such waste streams 
present  much reduced p o t e n t i a l  hazards. Some waste streams may n o t  
be acceptable f o r  near-surface d isposal .  

The ex ten t  and consequences o f  p o t e n t i a l  i nadve r ten t  i n t r u s i o n  a re  
r e l a t e d  t o  waste form, design, and opera t i ng  p rac t i ces .  For example, 
improved waste form and packaging can reduce p o t e n t i a l  exposures 
through i n h a l a t i o n  and food consumption pathways. Volume r e d u c t i o n  
may increase exposures from d i r e c t  gamma r a d i a t i o n .  I f  t h e  waste i s  
i n  a s t r u c t u a l l y  s t a b l e  form and segregated from o the r  wastes, then 
as l ong  as t h e  s t r u c t u r a l  s t a b i l i t y  i s  re ta ined ,  t h e  p o s s i b i l i t y  o f  
extens ive i nadver ten t  i n t r u s i o n  a c t i v i t i e s  i s  n o t  considered c r e d i b l e .  

Natura l  and engineered b a r r i e r s  can be used t o  reduce p o t e n t i a l  
i n t r u d e r  exposures. However, t h e r e  is a l i m i t  (e.g., 500 years) as 
t o  how l o n g  such b a r r i e r s  can be expected t o  l a s t .  

I n s t i t u t i o n a l  c o n t r o l s  can be e f f e c t i v e  i n  reducing t h e  p o t e n t i a l  f o r  
i n a d v e r t e n t  i n t r u s i o n  and i n  reducing p o t e n t i a l  i n t r u d e r  exposures. 

Two aspects must be analyzed i n  f u r t h e r  d e t a i l  and s p e c i f i c  l i m i t s  developed t o  
determine t h e  d isposal  requirements o f  d i f f e r e n t  LLW streams based on p r o t e c t i o n  
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of an inadvertent intruder--that is, to determine which streams may be acceptable

for near-surface disposal, which streams may require barriers to an intruder, and 

which streams may be altogether unacceptable for near-surface disposal. The 

aspects that must be developed include: 


1. 	 An exposure guideline to define an acceptable level of safety regarding

protection of an inadvertent intruder which can be used to stipulate

when controls against potential intrusion should be implemented; 


2. 	 A maximum time during which active institutional controls can be 
relied on to prevent inadvertent intrusion; and 

These two aspects and others are addressed in the remaining two sections regarding

development,ofan intruder performance objective and technical requirements. 


4.5 DEVELOPMENT.OFINTRUDER PERFORMANCE OBJECTIVE 

4.5.1 Analysis of Intruder Dose Limitation Guidelines 


Prior to determining a dose guideline for protection of a potential inadvertent 

intruder, it is useful to briefly review a number of radiation exposure guide

lines which have been recommended by various bodies or adopted by regulatory

agencies, The reader is referred to Appendix N, which presents a brief review 

of radiation exposure guidelines as have been developed by the following 

groups: 


Q ICRP 
o NCRP 

o EPA 
o NRC 

From the discussion in Appendix N,  it appears that a wide range of exposure
cr-r’teriahave been recommended by national and international committees or 
adopted as regulations by NRC and EPA. These criteria range from a few millirem 
t o  a few dozen millirem to several rems. In general, the lower exposure
limitation criteria (a few to a few dozen mrem] are used as standards assuming
continuous exposure to radionuclides by populations. Higher dose limits 

(hundreds of mrem] are generally used as standards assuming exposures to a few 

individuals in unrestricted areas. Sti11 higher exposure 1 imits (a few rems) 
are considered appropriate for limits to radiation workers. Finally, a few 
dozen rems is an exposure guideline which has been recommended for once-in-a

lifetime exposures for an emergency situation. 


Three alternative dose guidelines may be further examined, which serve to 
bound a low, moderate, and high dose guideline. In considering this range, 
one important concept that should be remembered is that the ,exposurespoten
tially experienced by an intruder would not be routine. Such exposures would 
be accidental and would furthermore not be expected to last for long time 
periods--particularly if the waste so encountered has been placed into a 
stable form. The three guidelines so examined are in the following ranges: 
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1. 25 mrem to the whole body; 

2. 500 mrem to the whole body; and 

3. 5 rem to the whole body. 

Twenty-five mrem/year is derived from 40 CFR Part 190 and is the EPA standard 
applied to the whole body and organ (except thyroid) exposures involving
releases of material to the general environment through normal fuel cycle
facility operations. This standard has been adopted by NRC as part o f  NRC 
regulations in 10 CFR Part 20. Since this is an accepted standard, it would 
appear to provide an adequate level of protection. It does not appear appro
priate, however, to apply this standard to exposures to potential inadvertent 
intruders. This standard applies to routine releases to the general environ
ment involving exposure of several individuals of larger population groups.
The standard would not seem to apply to the type o f  localized accidental'^ 
exposure to a few individuals who might intrude into the waste. Inadvertent 
intrusion is accidental and of a short-term temporary nature and i s  n o t  
expected to involve longer-term routine operational releases. A limit higher
than 25 mrem/year would therefore appear to be appropriate, particularly since 
intrusion involves only a few individuals. 

Five rem/year to the whole body i s  derived from the occupational external 
whole body radiation exposure guideline recommended by NCRP and set ou t  by NRC 
in 10 CFR Part 20. Since this is also a generally accepted standard, it would 
also seem to provide an adequate level o f  protection. Such an exposure t o  an 
intruder would not be life threatening, and would involve exposures no higher
than allowable today for some individuals. The standard, however, i s  applied 
to radiation workers who understand and accept the low risk of exposure involved 
in their job and livelihood. The inadvertent intruder is nod a radiation 
worker and he may have no knowledge o f  the risk of exposure even after he digs
into the waste. 

Dose limitations in the range of 500 millirem/year to the whole body have been 
recommended by various groups for a number of years as adequate for protection 
o f  individuals. In making this recommendation, these groups maintain that 
protecting individuals to this 1eve1 wi 11 almost certainly protect populations.
For example, ICRP states that protection of an individual to a level o f  500 
mrem/year will almost certainly guarantee potential population exposures t o  
less than one-tenth o f  the maximum individual dose. The current recommendations 
of the National Council on Radiation Protection and Measurements (NCRP) f o r  
radiation protection guidelines are 500 mrem/year (whole body) t o  the maximum 
exposed individual and 170 milliredyear as an average yearly population dose. 
These recommendations were adopted by the Federal Radiation Council (FRC) and 
recommended in 1960 as federal guidance. NRC limits in 10 CFR Part 20 f o r  
exposures to individuals in unrestricted areas are currently set at 500 mrem/year
(whole body), based upon recommendations of the FRC and NCRP. 

The International Commission on Radiation Protection (ICRP) has also recommended 

similar limits for a number of years. In more recent recommendations, however, 
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I C R P  has retained the recommended whole body dose limits of 500 mrem/year but 
dropped the 170 mredyear population dose recommendation as not necessary. In 
so doing, I C R P  states that protection of an individual to a level of 500 mrem/ 
year would almost certainly guarantee potential population exposures to less 
than one-tenth of the maximum individual dose. I C R P  also now recommends use 
of a weighting system to account for the fact that certain bodily organs and 
extremities are more radiosensitive than others. In the system, the dose to 
any individual organ or groups of organs would be controlled so that the sum 
of the doses to each individual organ times a given organ-weighting factor 
would not exceed 500 millirem for all organs. This weighting system, however, 
has not been adopted by NRC, although it may be in the future. 

A dose guideline of 500 mrem/year to the whole body would therefore appear to 
be acceptable for protection of an inadvertent intruder. Such potential
intrusion may never occur and if it should occur, would only be expected to 
involve local exposure of  a few individuals. The use of a 500 mrem/year dose 
guideline has also been extensively discussed at the four regional workshops
held by NRC on LLW disposal. Comments on this guideline were also received on 
the preliminary draft regulation 10 CFR 61 which was made available for public 
comment. The workshops and public comments are discussed in Appendix C. Broad 
acceptance of this guideline was generally expressed in these workshops and 
comments. 

4.5.2 Analysis of A1ternatives 


Alternative dose limitations and institutional control periods for use in 
establishing performance objectives for protection of a potential inadvertent 
intruder may also be examined numerically. That i s ,  depending upon different 
assumptions regarding dose criteria and institutional control periods, different 
calculated volumes of waste would require disposal by various methods. These 
volumes (and the resulting intruder exposures calculated) may then be examined 
and an estimate made of the cost-effectiveness of different alternatives. 

Two factors complicate this analysis. One is that in determining performance
objectives for inadvertent intrusion, one cannot examine alternative dose 
limitations independently of the institutional control period. For example,
in order to assess the effects of alternative dose limitations, one must first 
set an institutional control period. Similarly, one cannot assess the effects 
of alternative institutional control periods without first setting a dose 
limitation criteria. The second factor is the number of variables which could 
be considered in the analysis. Some of these variables include the dose 
limitation criteria, the waste spectrum, the institutional control period, the 
region o f  the country, and the facility design. Several thousand permutations 
are possible. Even i f  one limits oneself to 3 alternative dose limitation 
criteria, 4 a1ternative waste spectra, 4 a1terna-tiveinstitutional control 
periods, 1 region (the reference facility), and 2 facility designs, the number 
of possible permutations comes to 96. If one also considers the effect on the 
results of "waste form credit" and "no waste form credit" assumptions regarding
the effect of waste form on dispersibility and root uptake, the number of 
possible permutations becomes 192. Clearly, some simplifying assumptions must 
be made to enable meaningful results. 
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For t h e  ana lys i s ,  t h e r e f o r e ,  NRC s t a f f  has considered 24 cases as shown i n  

Table 4.20. I n  Cases 1-8, t h e  dose l i m i t a t i o n  c r i t e r i a  (500 mrem whole body) 

and t h e  waste spectrum (spectrum 1) are f i x e d ,  and t h e  e f f e c t s  o f  f o u r  d i f f e r e n t  

i n s t i t u t i o n a l  c o n t r o l  pe r iods  (50, 100, 150, and 300 years) are considered. 

I n  Cases 9 through 14, t h e  dose l i m i t a t i o n  c r i t e r i a  i s  s t i l l  f i x e d  a t  500 mrem 

(whole body) and t h e  e f f e c t s  o f  d i f f e r e n t  waste spect ra are considered. Cases 

15 through 19 consider  t h e  e f f e c t s  o f  a dose l i m i t a t i o n  i n  t h e  range o f  25 mrem 

(whole body), w h i l e  Cases 20 through 24 consider t h e  e f f e c t s  o f  a dose l i m i t a  

t i o n  c r i t e r i a  i n  t h e  range o f  5 rem (whole body). 


I n  each o f  t he  24 cases, t he  waste streams are assumed t o  be randomly disposed 

i n t o  the  reference d isposal  f a c i l i t y .  Three p o t e n t i a l  forms o f  d isposal  t o  

reduce i n t r u d e r  impacts are considered-- i .e . ,  d isposal  near t h e  surface, 

l aye r ing ,  and n o t  acceptable f o r  near-surface d isposal .  I n  t h e  24 cases, no 

c r e d i t  i s  assumed f o r  t h e  a b i l i t y  o f  waste form t o  reduce d i s p e r s i b i l i t y  and 

p l a n t  r o o t  uptake. The d e t a i l s  o f  t h e  c a l c u l a t i o n a l  procedure a r e  s e t  o u t  i n  

Appendices G and H. r i e f l y ,  however, each waste stream i s  f i r s t  t e s t e d  f o r  

i n t r u d e r  impacts from d isposal  near t h e  e a r t h ' s  surface, assuming t h e  i n t r u d e r  

scenar ios discussed e a r l i e r  occur ( - i . e . >  t he  i n t r u d e r - c o n s t r u c t i o n  scenar io  

and t h e  i n t r u d e r - a g r i c u l t u r e  scenar io) .  The c a l c u l a t e d  impacts a re  compared 

aga ins t  t h e  assumed dose l i m i t a t i o n  c r i t e r i a  immediately a f t e r  t h e  assumed end 

o f  t h e  i n s t i t u t i o n a l  c o n t r o l  per iod.  I f  t h e  c a l c u l a t e d  impacts exceed t h e  

dose l i m i t a t i o n ,  t h e  waste stream i s  then assumed t o  be l aye red  (disposed a t  

t h e  bottom o f  t h e  t rench) ,  which considerably  reduces t h e  p o t e n t i a l  exposures 

received. However, t h e  e f f e c t i v e n e s s  o f  l a y e r i n g  as an i n t r u d e r  b a r r i e r  i s  

assumed on ly  t o  be e f f e c t i v e  f o r  500 years,  a f t e r  which t ime t h e  p o t e n t i a l  

impacts from i n t r u s i o n  a re  again compared aga ins t  tRe assumed dose l i m i t a t i o n  

c r i  t e r j a .  As be fo re  , t h e  in t rude r -cons t ruc t i on  and in t r u d e r - a g r i c u l  t u r e  

scenar ios a re  conserva t i ve l y  assumed t o  occur. I f  t h e  c a l c u l a t e d  impacts 

exceed t h e  dose l i m i t a t i o n  c r i t e r i a ,  t h e  waste stream i s  assumed t o  be n o t  

acceptable f o r  near-surface d isposal .  


The volumes o f  waste assumed t o  be s u i t a b l e  f o r  d isposal  by each c l a s s i f i c a t i o n -  

i . e . ,  r e g u l a r  d i sposa l ,  l aye red  d isposal ,  o r  n o t  acceptable--are shown f o r  

each case on Table 4.20. A l s o  shown i s  t h e  volume averaged i n t r u d e r  impacts 

c a l c u l a t e d  f o r  t h e  i n t r u d e r - c o n s t r u c t i o n  scenar io and t h e  i n t r u d e r - a g r i c u l t u r e  

scenar io  t o  each o f  two organs: whole body and bone. The impacts are 

c a l c u l a t e d  a t  t h e  end o f  t h e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  and a re  volume-weighted 

averages o f  exposures received from a l l  waste streams acceptable f o r  d isposal -  

i.e. , from r e g u l a r  and laye red  d isposal .  The doses c a l c u l a t e d  a re  an i n d i c a t i o n  
o f  t he  range o f  t h e  ac tua l  l i k e l y  exposures rece ived  from a p p l i c a t i o n  o f  t h e  
i n d i c a t e d  dose l i m i t a t i o n  c r i t e r i a  a f t e r  t h e  end o f  t h e  i n d i c a t e d  i n s t i t u t i o n a l  
c o n t r o l  per iod.  Exposures a re  a l s o  shown f o r  a t ime p e r i o d  500 years a f t e r  
l i c e n s e  te rm ina t ion ,  a t  which t ime no c r e d i t  i s  assumed f o r  l a y e r i n g  t o  reduce 
i n t r u d e r  exposures. 

F i n a l l y ,  two d i f f e r e n t  d isposal  f a c i l i t y  design p r a c t i c e s  are considered i n  
the  a n a l y s i s - - i . e . ,  whether o r  n o t  compressible wastes a re  segregated f r o m  o the r  
waste streams d u r i n g  d isposal .  As discussed e a r l i e r ,  t h i s  can have a s i g n i f i c a n t  
e f f e c t  on t h e  p o t e n t i a l  i n t r u d e r  impacts. If waste segregat ion i s  implemented, 
then the  extens ive i n t r u d e r - c o n s t r u c t i o n  scenar io and i n t r u d e r - a g r i c u l t u r e  
scenar io i s  assumed t o  be on ly  a p p l i c a b l e  t o  the  compressible wastes. For wastes 
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which a re  segregated and s t a b l e ,  t h e  i n t r u d e r - a g r i c u l t u r e  scenar io i s  assumed 
n o t  t o  occur and t h e  i n t r u d e r - c o n s t r u c t i o n  scenar io  i s  cons iderably  reduced i n  
i t s  impact. (This i s  a l s o  termed t h e  i n t rude r -d i scove ry  scenar io.)  The f u l l  
extens ive i n t r u d e r  scenar ios are conserva t i ve l y  a p p l i e d  f o r  a l l  waste streams 
a t  500 years whether o r  n o t  t he  waste stream i s  segregated o r  t h e  waste i s  i n  
a s t a b l e  form. Impacts a t  t h e  end of t he  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  and a t  
500 years a re  again volume-averaged over a l l  ( s t a b l e  and unstable) waste 
streams accepted f o r  d isposal .  

4.5.3 Resul ts  o f  Analys is  

The r e s u l t s  o f  t h e  24 case s tud ies  a re  shown i n  Table 4.20. Also shown i n  
t h i s  t a b l e  i s  an a d d i t i o n a l  case which i l l u s t r a t e s  cos ts  and impacts o f  no 
a c t i o n  (case a), as w e l l  as two cases (cases b and c) f o r  which t h e  L-DECONRS 
and N-SOURCES waste streams a re  removed b u t  no o the r  a c t i o n  i s  taken t o  p r o t e c t  
a p o t e n t i a l  i n a d v e r t e n t  i n t r u d e r  (no l a y e r i n g  i s  performed f o r  any waste 
streams). 

Across t h e  top  o f  t h e  t a b l e  a re  l i s t e d  t h e  d e s c r i p t i o n s  o f  t h e  cases. ?he 
v a r i a b l e s  considered i n c l u d e  t h e  dose l i m i t a t i o n  c r i t e r i a ,  t h e  waste spectrum, 
the  i n s t i t u t i o n a l  c o n t r o l  pe r iod ,  and whether o r  n o t  segregat ion i s  implemented 
a t  t h e  d isposal  f a c i l i t y .  Next, r a d i o l o g i c a l  impacts i n  mrem t o  whole body 
and bone a re  l i s t e d  f o r  t h e  i n t r u d e r - c o n s t r u c t i o n  and i n t r u d e r - a g r i c u l t u r e  
scenar io  f o r  two t ime  pe r iods  a f t e r  l i c e n s e  terminat ion:  a t  t h e  end o f  t he  
assumed i n s t i t u t i o n a l  c o n t r o l  p e r i o d  and a t  500 years. Next, t h e  volumes ( i n  
m3> a re  shown f o r  waste disposed as r e g u l a r  waste, disposed as l aye red  waste, 
and n o t  acceptable f o r  d isposal .  

Costs a re  l i s t e d  toward the  bottom o f  t h e  tab le .  Shown a re  design and opera
t i o n  costs ,  pos topera t i ona l  costs  ( c losu re  and long-term care costs),  and 
t o t a l  (design and opera t i on  p l u s  pos topera t i ona l  care) near-surface d isposal  
costs.  Design and opera t i on  costs  a r e  c a l c u l a t e d  as a t o t a l  sum over 20 years 
o f  f a c i l i t y  ope ra t i on  and a re  a f u n c t i o n  o f  f a c i l i t y  design (whether o r  n o t  
segregat ion i s  implemented), t he  dose l i m i t a t i o n  c r i t e r i a  chosen, and the  waste 
spectra.  The l e s s  t h e  volume o f  waste d e l i v e r e d  t o  t h e  d isposal  f a c i l i t y ,  t he  
lower t h e  t o t a l  design and opera t i on  costs.  For t h i s  ana lys i s ,  pos topera t i ona l  
cos ts  were c a l c u l a t e d  by assuming a h i g h  l e v e l  o f  long-term care e f f o r t  f o r  a l l  
cases. D i f f e rences  i n  t h e  long-term care cos ts  f o r  t h e  cases a re  c a l c u l a t e d  
s o l e l y  as a f u n c t i o n  o f  t h e  assumed l e n g t h  o f  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  
per iod.  

Costs f o r  d isposal  o f  waste streams found t o  be n o t  acceptable f o r  near-surface 
d isposal  are a150 i l l u s t r a t e d  as two examples. I n  t h e  f i r s t  example, t h e  
waste streams unacceptable f o r  near-surface d isposal  a r e  assumed t o  be disposed 
i n t o  a mined c a v i t y  which i s  l i c e n s e d  t o  a commercial operator .  Costs a re  
c a l c u l a t e d  based upon an est imate o f  $512 pe r  cubic  meter o f  waste, which i s  
t h e  lower end o f  t h e  range f o r  mined c a v i t y  d isposal  g iven i n  Appendix F. This  
l e v e l  o f  cos ts  i s  based upon an assumption t h a t  an e x i s t i n g  mine may be used and 
does n o t  i n c l u d e  any storage cos ts  p r i o r  t o  shipment o f  t h e  waste t o  t h e  mine. 
I n  a d d i t i o n ,  t h e  cos ts  do n o t  i n c l u d e  c o s t  f o r  c losu re  and long-term care o f  t h e  
mined c a v i t y .  In t h e  second example, costs  a re  est imated based upon an assumption 
t h a t  t h e  Department of' Energy accepts t h e  waste f o r  d isposal  i n t o  a fede ra l  
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repository. Costs are calcualted based upon an estimate of $5200/m3 of waste, 

which includes costs for retrievable storage, retrieval, processing, transporta

tion, and disposal into a geologic repository. 


These costs for the two examples are given in 1980 dollars and should be 
considered only illustrative approximations. There are currently no mined 
cavities licensed by either NRC or an Agreement State, and wastes would have to 
be stored until such time (if and when) such a facility is licensed. No analysis
is performed in this EIS to determine if waste unacceptable for near-surface 
disposal would be acceptable in a commercially operated mined cavity. Many such 
wastes (particularly transuranic waste streams) unacceptable for near-surface 
disposal would probably end up as candidates for a federal repository. Additional 
costs would be involved for storage until either a disposal facility is available 
to accept the waste for disposal or DOE is in a position to accept the waste for 
retrievable storage. 

Comparing Cases 1 through 8,several trends are observed: 


1. 	 The longer the assumed institutional control period, the greater the 
volume of waste that can be disposed by less expensive methods. For 
example.,the ratio of the volume of waste that can be disposed by
regular means vs. the volume of waste that must be disposed through
layering is as follows: Case 2: 7.51; Case 4: 9.03; Case 6: 12.91; 
Case 8: 367.29. As long as only a relatively small volume of waste 
requires layering (e.g., as in Cases 4 through 8), then layering can 
be accomplished with little expense, with little or no disruption of 
existing practices, and with no decrease in disposal efficiency (no
increase in land use). However, if large volumes of waste require
layering (e.g., as in Case l), then this could cause increased 
expense, some disruption of existing practices, and a decrease in 
disposal efficiency. 

2. 	 The longer the assumed institutional control period, the lower the 

potential exposures at the time that intrusion is assumed to occur 

(which is immediately after the end of the institutional control 

period). On the other hand, the longer the institutional control 

period, the greater the long-term care costs. 


3. 	 The practice of waste segregation generally slightly increases the 
quantity o f  wastes which may be disposed by less expensive means. 
For example, compare the volumes of waste in the "regular" class and 

the "layered" class for Cases 1 vs. 2; 3 vs. 4; and 5 vs. 6 .  This 
effect is o f  most significance for Cases 1 and 2. 

4. 	 The practice of waste segregation generally reduces potential intruder 

exposures. 


5. 	 The volume-weighted impacts calculated at the institutional control 
period are invariably significantly less than the assumed dose 
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l imitat ion c r i t e r i a .  O f  course, the longer the ins t i tu t iona l  control 
period, the lower the calculated impacts. Since varying the in s t i t u 
t ional control period does n o t  vary the volume of waste calculated 
t o  be unacceptable f o r  near-surface disposal ( the N-SOURCES and 
L-DECONRS stream are  calculated t o  be unacceptable i n  a l l  8 cases),  
t h e  intruder impacts a t  500 years do n o t  vary from one case t o  the 
next. These impacts are  in the range of  about 1 .5  t o  4.5 mrem. 

From the analysis in Cases 1t h r o u g h  8 ,  there does not appear t o  be any 
compelling analytical  reason t o  choose one ins t i tu t iona l  control period over 
another. I t  appears t h a t  the assumption of whether o r  n o t  waste segregation
i s  carr ied o u t  a f fec ts  the volumes of waste disposed by e i the r  regular o r  
layered means as much as the ins t i tu t iona l  control period chosen. I n  any 
case, provided waste segregation i s  implemented, there i s  no difference i n  
t o t a l  waste volumes disposed between an ins t i tu t iona l  control period of 
50 years and 300 years. 

Of the ins t i tu t iona l  control periods considered, 50 years would l ikely cause 
the most change t o  present pract ices ,  the most added design and operation 
expense, and the most likelihood of a potential  decrease in disposal efficiency. 
In addition, i t  i s  very unlikely tha t  the extensive intruder impacts considered 
in t h i s  E15 could occur a t  a time period only 50 years following l icense 
termination. Finally,  implementation of a 50-year ins t i tu t iona l  control period 
may serve t o  inh ib i t  volume reduction of wastes. I n  general, volume reduction i s  
desirable as i t  can lower disposal costs t o  a waste generator, improve disposal 
efficiency ( less  land use), and increase the s t a b i l i t y  of the waste (lowering 
potential  ground-water impacts and potential  long-term care costs).  

This leaves a choice in the range of 100 t o  300 years. Since general support 
for  100 years was received a t  the regional workshops and the calculated difference 
i n  design and operations cost  t o  a waste generator between 100 years and 300 years 
i s  low, the more conservative time period was selected. 

Cases 9 t h rough  14 i l l u s t r a t e  the e f fec ts  of other waste spectra,  assuming a 
continuation of the previously assumed dose l imitat ion c r i t e r i a  of 500 mrem t o  
the whole body. Waste.spectra 2 t h r o u g h  4 consider d i f fe ren t  degrees of volume 
reduction, and so the volumes c lass i f ied  are  d i f fe ren t  from Cases 1 through 8. 
O f  i n t e re s t  i s  a comparison o f  calculated intruder exposures f o r  Cases 10 ,  13,  

4 with each other and with Case 4. I n  these fou r  cases,  the dose l imit  and 
the ins t i tu t iona l  control period are  the same b u t  d i f fe ren t  waste spectra are  
considered. The calculated exposures are similar a t  the end o f  the assumed 
ins t i tu t iona l  control period (100 years) fo r  Cases 4,  10 ,  and 13. Even f o r  
the extreme case o f  volume reduction assumed fo r  waste spectrum 4 (Case 141, 
the calculated impacts are  only a few mrem higher. After 500 years,  intruder 
exposures a re  only s l i gh t ly  higher f o r  a l l  cases (except Case 14) than the 
exposures calculated f o r  Cases 1-8. For Case 14, exposures a re  s t i l l  l ess  
than 20 mrem for  the intruder-construction scenario and less  than 15 mrem for  
the intruder-agriculture scenario. 

I n  addition, compared t o  Cases 1 through 8, no additional volumes of waste are  
classed as unacceptable for  near-surface disposal. The same two streams as 
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before-- the N-SOURCES and L-DECONRS streams--are invo lved.  As a minor p e r t u r 
ba t i on ,  f o r  Cases 13 and 14, t h e  L-DECONRS stream i s  assumed t o  be ca lc ined,  
r e s u l t i n g  i n  s i g n i f i c a n t  volume reduc t i on  ( t o  1.13 E+3 m3). The N-SOURCES waste 
stream (51.5 m3),  f o r  which no volume r e d u c t i o n  i s  assumed f o r  any o f  t h e  4 spectra,  
f o l l o w s  t h e  f a m i l i a r  p a t t e r n  o f  Cases 1through 8. 

What t h i s  ana lys i s  appears t o  i n d i c a t e  i s  t h a t  except f o r  a few waste streams 
which a r e  p rob lemat i ca l  i n  any case, use of an i n s t i t u t i o n a l  c o n t r o l  p e r i o d  o f  
100 years and dose l i m i t a t i o n  c r i t e r i a  or" 500 mremlyr (whole body) would n o t  be 
expected t o  i n h i b i t  use o f  volume reduc t i on  as a waste process ing technique. 

Another i n t e r e s t i n g  e f f e c t  i s  observed by comparing Cases 7 and 8 w i t h  Cases 11 
and 12. I f  waste segregat ion i s  n o t  implemented, then the  i n t r u d e r  impacts 
f o r  waste spectrum 1a t  300 years i s  l e s s  than those f o r  waste spectrum 2. 
However, i f  waste segregat ion i s  implemented, t h e  opposi te  e f f e c t  i s  seen. 

The e f f e c t s  o f  us ing  d i f f e r e n t  dose l i m i t a t r o r t  c r i t e r i a  are s e t  o u t  i n  Cases 15 
through 24. I n  Cases 15 through 19, t he  dose l i m i t a t i o n  c r i t e r i a  i s  assumed 
Lo be i n  t h e  range o f  25 m i l l i r e m  whole body (75 m i l l i r e m  t h y r o i d ) .  I n  Cases 20 
through 24, t h e  dose l i m i t a t i o n  c r i t e r i a  i s  assumed t o  be 1 0  t imes t h a t  f o r  
Cases 1through 14, o r  5,000 mrem (5 rem) whole body. F o r  a l l  cases, t he  
i n s t i t u t i o n a l  c o n t r o l  p e r i o d  i s  assumed t o  be 100 years. 

As can be seen i n  Cases 15 through 19, use o f  an i n t r u d e r  dose l i m i t a t i o n  
c r i t e r i a  i n  t h e  range o f  25 mrem (whole body) would tend  t o  r e s u l t  i n  l a r g e r  
cos ts  t o  waste generators.  Due t o  reduced volumes o f  waste accepted f o r  
near-surface d isposal ,  s i m i l a r  o r  somewhat reduced design and opera t i on  costs  
a r e  c a l c u l a t e d  (e.g., compare Cases 15 and 1 6  w i t h  Cases 3 and 4; Case 17 w i t h  
Case 10; o r  Case 18 w i t h  Case 13). However, mined c a v i t y  and r e p o s i t o r y  cos ts  
a re  higher.  For most o f  t h e  waste spectra,  approximately t h e  same volume o f  
waste must be l aye red  as t h a t  which can be disposed unlayered. I n  a d d i t i o n ,  
l a r g e r  volumes o f  wastes would n o t  be acceptable f o r  near-surface d isposal .  
For example, i n  Case 16, n e a r l y  100,000 m3 o f  waste would be c l a s s i f i e d  as n o t  

t oacceptable. C o ~ ~ a r e d  an i n t r u d e r  dose l i m i t a t i o n  c r i t e r i a  i n  t h e  range o f  
500 mrem (whole body), use o f  t h e  lower dose l i m i t a t i o n  c r i t e r i a  would r e s u l t  
i n  h ighe r  costs ,  more changes t o  e x i s t i n g  p r a c t i c e s ,  and l e s s  e f f i c i e n t  l and  
use. There i s  no d isposal  f a c i l i t y  y e t  constructed, such as a geologic  
r e p o s i t o r y ,  o f f e r i n g  g r e a t e r  i s o l a t i o n  than a near-surface d isposal  f a c i l i t y .  
Th i s  means t h a t  such wastes would have t o  be s t o r e d  p r i o r  t o  disposal--perhaps 
f o r  extended t ime  per iods.  

I n  a d d i t i o n ,  a l though use o f  t h e  25 mrem dose l i m i t a t i o n  c r i t e r i a  r e s u l t s  i n  
reduced p o t e n t i a l  exposures a t  100 years (by a f a c t o r  o f  10 f o r  most cases), 
o n l y  a n e g l i g i b l e  d i f f e r e n c e  i n  i n t r u d e r  exposures i s  seen a t  500 years. This  
means t h a t  use o f  t h e  25 mrem (whole body) dose c r i t e r i a  w i l l  p rov ide  l i t t l e  
a d d i t i o n a l  r e d u c t i o n  i n  long-term p o t e n t i a l  i n t r u d e r  exposures. 

The e f f e c t  o f  implementing t h e  h ighes t  a l t e r n a t i v e  dose l i m i t a t i o n  c r i t e r i a  
(5 rem whole body) i n  Cases 20 through 24 i s  seen to be somewhat s i m i l a r  t o  
t h e  e f f e c t s  o f  a dose l i m i t a t i o n  c r i t e r i a  i n  t h e  range o f  500 m r e d y r .  S i m i l a r  
t o  Cases 1Ghro h 14, t h e  L-DECONRS and N-SOURCES waste forms are always 
c lassed as b e i  n unacceptable. 
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Another interesting aspect is the volume-weighted intruder impacts. As before,

the impacts calculated are invariably considerably less than the dose limita

tion criteria. In addition, the impacts calculated for the higher (5 rem)

criteria are similar to those previously calculated for the 500 mrem criteria. 

This implies that one could possibly use two dose limitation criteria--a lower 
one (e.g., 500 mrem) for longer-lived higher hazard isotopes such as transuranics 
and a higher one (e.g., 5 rem) for shorter half-lived fission products such as 
Cs-137. Use of a higher dose limitation criteria for shorter-lived isotopes
could cause an initial higher hazard. Use of such a criteria would have little 
effect on the long-term hazard, however. For example, if it is assumed that a 
raise in the Cs-137 limit by tenfold from 500 mrem to 5 rem causes a tenfold 
increase in potential intruder hazard (unlikely as the above analysis indicates)
and the higher activity waste is stabilized and segregated (e.g., waste spectra 2, 
Cases 1Q and 22), then the potential exposures would still be less than 500 
mrem/yr. These higher potential exposures would only last for a short time period,

and would fall by a factor of 10 in a space of only 100 years. 


As shown, the impacts at 500 years are similar to those calculated for Cases 1-8. 

It may also be useful to examine use of a "hot waste facility" for possible
disposal o f  waste streams found in the 24 cases to be unacceptable for disposal. 

For the purposes of this analysis, the hot waste facility is assumed to be a 
cement-walled trench into which wastes are stacked and then grouted in place. 
A one-meter thick concrete cap is then poured over the waste and a few meters 
of earth are then emplaced over the facility. Thus, the waste is enclosed in 
a large monolithic block of concrete. The facility is assumed to be effective 
for 1000 years, after which the potential intrusion impacts are calculated and 
compared against the assumed dose limitation criteria. The intruder-construction 
and intruder-agriculture scenarios are assumed to occur, but are assumed to be 
reduced by a factor of 10 due to the presence of the concrete fill. If the 
calculated exposures still exceed the assumed dose limitation criteria, the 
waste is assumed to be unacceptable for near-surface disposal. 

It is recognized that there are uncertainties regarding use of the "hot waste 
facility," and its effectiveness. However, it is included to enable an estimate 
o f  the effectiveness of extensive near-surface disposal techniques to reduce 
potential intruder exposures. Use of a hot waste facility is estimated t o  be 
much more expensive than either regular or layered disposal. If a hot waste 
facility were not used at the disposal facility, then the waste streams assumed 
to be suitable for disposal into a hot waste facility would be considered 
unacceptable for near-surface disposal. 

Potential use of the hot waste facility for disposal of probable material waste 
was tested for a l l  24 cases and in no case were the N-SOURCES and L-DECONRS 
streams found to be acceptable for hot waste facility disposal. This would be 
expected considering that these two streams are assumed to contain relatively
large quantities of transuranic isotopes and no credit is being taken in the 
analysis for the long-term ability of improved waste forms to reduce dispersion 



4-65 


of the waste in to  respirable par t ic les .  However, i n  4 cases,  other waste 
streams previously found unacceptable for  near-surface disposal were found t o  
be sui table  fo r  hot waste f a c i l i t y  disposal. These were Cases 15, 1 6 ,  18, and 
19 and the costs  and impacts of these 4 cases are  presented i n  Table 4.21. 
All 4 cases involve use of the 25 mrem (whole body) dose l imitat ion c r i t e r i a .  

As shown in Table 4.21, about half of the waste which was previously determined 
t o  be Unacceptable for  near-surface disposal i n  the 4 cases i s  found t o  be 
acceptable f o r  hot waste f a c i l i t y  disposal. However, design and operation 
costs  are  raised above the previous cases, and the to t a l  costs  fo r  mined 
cavity or repository disposal a re  s t i l l  higher than equivalent cases using the 
other two a l te rna t ive  dose l imitat ion c r i t e r i a .  

4.5.4 Selection o f  Preferred Alternative 

Based upon t h e  preceding analyses, a performance objective for  potential  
inadvertent intrusion may be established. Establishing the performance objective 
requires establishing a dose l imitat ion c r i t e r i a  fo r  intrusion as well as a time 
l imitat ion for  act ive ins t i tu t iona l  controls. 

The preferred dose l imitat ion c r i t e r i a  objective selected by NRC i s  the same 
as  the maximum unrestricted area exposures as s e t  o u t  in 10 G F R  Part 20, o r  
500 mrem/yr t o  the whole body. A dose l imi t  i n  the range of 25 mremlyear was 
judged t o  r e su l t  in considerably more costs ,  more change i n  exis t ing pract ices ,  
and greater reduction i n  disposal efficiency than the other two a l ternat ives .  
T h i s  i s  especially important considering the hypothetical nature of the intrusion 
event. The 5 rem a l te rna t ive  was seen t o  involve approximately the same costs  
and impacts as the 500 mrem al ternat ive.  The higher dose l imi t ,  however, 
could potent ia l ly  allow disposal of larger  quantities of long-lived isoto 
which could r e su l t  i n  moderately higher intruder hazards which could extend 
fo r  long time periods. Therefore, 500 mremlyr was selected as  a general dose 
l imitat ion guideline. T h i s  l imitation agrees w i t h  the concerns of the four 
regional workshops. I n  t h i s  regard, i t  was also observed i n  the above analysis 
t h a t  a higher l imitation could actual ly  be safely used for  shorter-lived 
isotopes such as Cs-137. Use of such a l imi t  would have no effect, on the 
longer-term hazard t o  an intruder.  

The second par t  of the inadvertent i n t r u s i o n  performance objective i s  how long 
should c red i t  be given t o  act ive ins t i tu t iona l  controls t o  prevent such intrusion. 
A time period t h a t  i s  t o o  s h o r t  could r e su l t  i n  very high disposal costs for  
much o f  the LLW. A period t h a t  i s  very long, on the other hand, may place an 
undue burden on future  generations. NRC analyzed a l te rna t ive  ins t i tu t iona l  
control periods of 50, 100, 150, and 300 years t o  see i f  there  was any technical 
preference fo r  select ing one time period over another. From the analysis,  
there d i d  n o t  appear t o  be any overly compelling numerical reason t o  adopt a 
par t icu lar  ins t i tu t iona l  control period. NRC believes, however, t ha t  i n s t i t u 
t ional controls will l a s t  a t  l ea s t  50 years. 300 years appeared t o  be too 
long of a time period and d-id not  o f fe r  any compelling numerical advantage 
over 15.0 years. The preferred a l te rna t ive  was, therefore,  i n  the range o f  100 
t o  150 years. NRC selected 100 years as the preferred ins t i tu t iona l  control 
period. T h i s  period of time agrees w i t h  previous estimates on the effect ive 
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Table 4.21 	 Comparison of Cases Incorporating a 
Hot Waste Facility 

Case Description and Case 


Impact Measures 


Case Description: 


Dose limitation 

criteria (mrem) 


Waste spectrum 


Institutional 

control period 

(Yrs1 

Segregation 

(yes/no> 


Intruder Impacts: 


Body (mrem) 
0 100 c 

A 
o 	 500 C 

A 

Bone (mrem) 
0 100 c 

A 
o 	 500 C 

A 

Volumes: (m3> 


Regular

Layered

HWF 

N o t  acceptable 

15 16 

25 25 

1 1 

100 100 

No Yes 

1.23E+O 1.75E+0 
2.38E+O 1.59E+O 
2.50E-1 2.50E-1 
3.08E-1 3.08E-1 

1.80E+O 2.03E+O 
5.84E+O 3.90E+O 
1.66E+O 1.66E+O 
1.23E+O 1.23E+O 

18 

25 

3 

100 

Yes 


3.53E+O 
6.18E- 1 
2.60E+O 
2.88E+O 

3.68E+O 
2.46E+O 
8.03E+O 
5.35E+O 

19 

25 

4 

100 


Yes 


2.11E+O 
1.28E+O 
6.90E-1 
8.06E-1 

2.31E+O 
5.08E+O 
3.19E+O 
2.30E+O 

1.85E+8 
3. a 2 ~ + 7  

Disposal Costs: ($1 

Design and op.
Postoperational 

Total NSD: 

Mined Cavity: ($1
Repository: ($1 
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length of act ive ins t i tu t iona l  controls made by E P A  and also i s  consistent 
w i t h  the consensus of the regional workshops. NRC ident i f ied no overriding 
social o r  po l i t i ca l  ra t ionale  for  selection of one time period over another. 
Based on the comments received on the preliminary d ra f t  o f  Part 61  and the 
workshops held, the general consensus was tha t  100 years was about the r i g h t  
time period upon which reliance should be placed on act ive ins t i tu t iona l  
controls.  

4.6 DEVELOPMENT OF TECHNICAL CRITERIA 

Based on the preceding analysis ,  NRC selected minimum requirements t h a t  should 
be considered and applied in a l l  cases t o  help ensure tha t  the performance
objective will be met. The r e su l t s  indicate t h a t  with modest increases i n  
cost  ( re la t ing  t o  improving the form and properties of waste shipped for  
disposal,  improvements in the design and methods of disposal fo r  cer ta in  high
ac t iv i ty  wastes, and application of ins t i tu t iona l  controls for  a reasonable 
period o f  time), the potential  impacts t o  an inadvertent intruder can be 
greatly reduced. 

The following subsections present the technical requirements selected,  based 
on the preceding analysis,  t o  assure protection of the inadvertent intruder.  
The requirements deal with each of  the f o u r  basic components of any disposal 
f a c i l i t y :  ins t i tu t iona l  controls ,  s i t e  charac te r i s t ics ,  design and operations, 
and waste form and packaging. The requirements are  s e t  o u t  i n  general terms 
with the intention of se t t ing  o u t  the overall in ten t  of the requirements
rather  than providing the precise regulatory wording. Some of the require
ments are  new and are  derived from the above analysis.  Qthers only involve a 
codification of existing practices currently being applied a t  the exis t ing 
disposal f a c i l i t i e s .  

4 .6 .1  Inst i tut ional  Control Requirements 

1. Requirement 

Disposal of radioactive waste received from other persons shall  be permitted 
only on land owned by the federal government o r  by the s t a t e  government i n  
which the s i t e  i s  located. 

Analysis 

Present requirements in Section 20.302(b) of 10 CFR Part  20 require federal o r  
s t a t e  government ownership of  land used fo r  commercial disposal of radioactive 
waste. A t  5 of the 6 exis t ing commercial disposal s i t e s ,  the land used f o r  
waste disposal was purchased by the disposal f a c i l i t y  operator who then deeded 
the land t o  s t a t e  ownership. The s t a t e  then leased the land back t o  the disposal
f a c i l i t y  operator. A t  t h e  commercial disposal f a c i l i t y  located in the Hanford 
Reservation, however, the disposal s i t e  land i s  owned by the federal government. 
In t h i s  case, the land was leased by the federal government t o  the s t a t e  of 
Washington, who then subleased the land t o  the disposal f a c i l i t y  operator. NRC 
believes tha t  the exis t ing requirement f o r  government land ownership should be 
continued since there i s  a higher degree of assurance t h a t  the s t a t e  or federal 
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government w i l l  cont inue t o  e x i s t  f o r  longer  per iods o f  t ime than a p r i v a t e  
organizat ion.  The need f o r  c o n t r o l  o f  near-surface d isposal  f a c i l i t i e s  w i l l  
l a s t  f o r  one hundred years. Adapting t h i s  p r o v i s i o n  i n  10 CFR 6 1  f o r  s t a t e  o r  
f ede ra l  ownership of l a n d  used f o r  d isposal  o f  waste rece ived  from o t h e r  
persons would i n v o l v e  no change from e x i s t i n g  r e g u l a t i o n s  and no increase i n  
c o s t  over what i s  a l ready being done today. The costs  f o r  government l a n d  
ownership have been inc luded  i n  t h e  base case analyses o f  cos ts  and impacts. 

2. Requirement 

The l a n d  owner s h a l l  c a r r y  o u t  an a c t i v e  i n s t i t u t i o n a l  c o n t r o l  program t o  
p h y s i c a l l y  c o n t r o l  access t o  t h e  s i t e  f o l l o w i n g  t r a n s f e r  o f  c o n t r o l  from t h e  
s i t e  operator .  A c t i v e  i n s t i t u t i o n a l  c o n t r o l s  s h a l l  n o t  be r e l i e d  upon f o r  
more than 100 years. 

Analys is  

A c t i v e  i n s t i t u t i o n a l  c o n t r o l  i s  an extens ion o f  t h e  e x i s t i n g  requirement f o r  
government l a n d  ownership and invo lves  t h e  phys i ca l  c o n t r o l s  and s u r v e i l l a n c e  
of a s i t e  c a r r i e d  ou t  by t h e  s t a t e  o r  f ede ra l  government l a n d  owner t o  prec lude 
i n a d v e r t e n t  i n t r u s i o n  and c a r r y  o u t  o the r  c o n t r o l  and s u r v e i l l a n c e  a c t i v i t i e s .  
As a p a r t  o f  these c o n t r o l  and s u r v e i l l a n c e  a c t i v i t i e s ,  t h e  s i t e  owner would 
c a r r y  o u t  an environmental mon i to r i ng  program t o  check on t h e  cont inued perform
ance o f  t he  s i t e ,  admin is ter  funds t o  cover t h e  cos ts  o f  these " a c t i v e  i n s t i t u 
t i o n a l  c o n t r o l "  a c t i v i t i e s ,  c a r r y  o u t  minor maintenance a c t i v i t i e s  t h a t  may be 
r e q u i r e d  (e.g., upkeep o f  a s e c u r i t y  fence), and c a r r y  ou t  o t h e r  necessary 
r e s p o n s i b i l i t i e s .  An a c t i v e  i n s t i t u t i o n a l  c o n t r o l  program i s  a c o d i f i c a t i o n  
o f  e x i s t i n g  p r a c t i c e  a t  t h e  e x i s t i n g  s i t e s  i n c l u d i n g  t h e  need t o  c o l l e c t  and 
admin i s te r  funds t o  cover t h e  costs  o f  t h i s  c o n t r o l  program. 

Given such an a c t i v e  c o n t r o l  program, a bas i c  quest ion remained, however, 
regard ing how long  r e l i a n c e  can o r  should be p laced on such a c t i v e  i n s t i t u t i o n a l  
c o n t r o l s .  NRC recognizes t h a t  such a c t i v e  c o n t r o l s  cou ld  ve ry  w e l l  l a s t  f o r  
several  hundreds o f  years based on the  ac t i ons  o f  those responsib le  f o r  such a 
program i n  t h e  f u t u r e .  For purposes o f  P a r t  61, however, NRC w i l l  assume such 
c o n t r o l s  can o n l y  be r e l i e d - u p o n  f o r  100 years.  The cos ts  f o r  100 years o f  
a c t i v e  i n s t i t u t i o n a l  c o n t r o l  have been inc luded  i n  the  base case a n a l y s i s  o f  
cos ts  and impacts. 

3. Requirement 

Disposal  c e l l s  s h a l l  be surveyed, mapped, and t h e  l o c a t i o n  and hazard o f  t he  
d isposal  f a c i l i t y  recorded w i t h  a number o f  l o c a l ,  s t a t e ,  and f e d e r a l  agencies. 

Analys is  

By  d e f i n i t i o n ,  an i n a d v e r t e n t  i n t r u d e r  i s  one who unknowingly contacts  the  
r a d i o a c t i v e  waste w i t h o u t  knowing t h a t  i t  i s  there.  Therefore, i t  i s  impor tant  
t o  consider  pass ive methods by which t h e  presence o f  hazardous m a t e r i a l s  may 
be communicated t o  f u t u r e  generat ions,  thus m in im iz ing  o r  p o t e n t i a l l y  even 
e l i m i n a t i n g  the  p o s s i b i l i t y  o f  i n a d v e r t e n t  i n t r u s i o n .  F i r s t ,  t r a n s f e r r i n g  
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records o f  t he  d isposal  f a c i l i t y  l o c a t i o n  t o  a d i v e r s i t y  o f  l o c a t i o n s  throughout 
a l l  l e v e l s  o f  government w i l l  he lp  t o  ensure t h a t  an awareness o f  t h e  p o t e n t i a l l y  
hazardous c o n d i t i o n  a t  t h e  s i t e  w i l l  be known t o  f u t u r e  generat ions.  Diverse 
l o c a t i o n s  cou ld  in c l  ude 1oca1 1ib r a r i  es , l o c a l  zoni  ng boards, s t a t e  1and develop
ment o f f i c e s ,  l o c a l  and s tatewide execut ive o f f i c e s ,  and fede ra l  archives.  The 
c o s t  f o r  t h i s  i s  low. Depending on s i t e - s p e c i f i c  cond i t i ons ,  t h e  government 
cou ld  p u t  t h e  l a n d  t o  c o n t r o l l e d  p roduc t i ve  use d u r i n g  t h e  a c t i v e  i n s t i t u t i o n a l  
c o n t r o l  program where t h e  disposed waste would n o t  be d is turbed.  The p o t e n t i a l  
hazard o f  t h e  d isposal  f a c i l i t y  cou ld  a l s o  be recorded upon t h e  deed o r  t i t l e  
t o  t h e  land. 

It i s  a l s o  impor tant  t o  ma in ta in  an accurate reco rd  o f  t h e  l o c a t i o n s  a t  a 
d isposal  f a c i l i t y  which a re  a c t u a l l y  used f o r  waste d isposal .  The l o c a t i o n s  
o f  d isposal  c e l l s  can be r e a d i l y  surveyed, mapped, and referenced t o  a benchmark 
such as a USGS benchmark. This  p r a c t i c e  has a number o f  advantages: 

o Surveys he lp  t o  perpetuate a r e c o r d  o f  t h e  d isposal  f a c i l i t y .  

o 	 Surveys he lp  t o  p rov ide  q u a l i t y  assurance checks t h a t  d isposal  c e l l s  
used f o r  waste d isposal  a re  cons t ruc ted  according t o  approved 
s p e c i f i c a t i o n s .  

o 	 Care i n  reco rd ing  t h e  l o c a t i o n s  o f  disposed waste serve t o  he lp  
i d e n t i f y  d isposal  c e l l s  i n  case remedial a c t i o n  i s  r e q u i r e d  i n  t h e  
f u t u r e .  

A l l  o f  t h e  d isposal  f a c i l i t i e s  p r e s e n t l y  ope ra t i ng  now r e q u i r e  t h a t  l o c a t i o n s  
o f  d isposal  t renches be surveyed and referenced t o  a benchmark. The c o s t  f o r  
such surveys has been inc luded  i n  t h e  cos ts  f o r  t he  reference f a c i l i t y .  

4.6.2 S i t e  C h a r a c t e r i s t i c s  

The f o l l o w i n g  s i t e  s u i t a b i l i t y  requirements r e f l e c t  e x i s t i n g  p r a c t i c e  t o  
cons ider  f u t u r e  p o p u l a t i o n  growth, l and  use development, and p o t e n t i a l  na tu ra l  
resources a t  the s i t e .  Since they r e f l e c t  e x i s t i n g  p r a c t i c e  t h e  c o s t  and 
impacts a re  considered through the  base case ana lys i s ,  and no c o s t  b e n e f i t  
a n a l y s i s  has been performed. 

Requirement 

1. 	 W i t h i n  t h e  r e g i o n  o r  s t a t e  where the  f a c i l i t y  i s  t o  be located,  a 
d isposal  s t e  should be se lec ted  so t h a t  p r o j e c t e d  p o p u l a t i o n  growth 
and f u t u r e  developments a re  n o t  l i k e l y  t o  a f f e c t  t h e  a b i l i t y  o f  t h e  
d isposal  s t e  t o  meet t h e  i n t r u d e r  performance o b j e c t i v e .  

2. 	 Areas must be avoided having economical ly s i g n i f i c a n t  n a t u r a l  
resources, which, i f  e x p l o i t e d ,  would r e s u l t  i n  f a i l u r e  t o  meet t h e  
i n t r u d e r  performance o b j e c t i v e .  

Analys is 

I n  s i t i n g  o f  near-surface d isposal  f a c i l i t i e s ,  areas o f  h igh  p o p u l a t i o n  dens i t y  
should be avoided t o  he lp  reduce t h e  p o t e n t i a l  o f  i nadve r ten t  i n t r u s i o n  a f t e r  
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t h e  end o f  i n s t i t u t i o n a l  c o n t r o l s .  Areas t h a t  a re  remote and l e s s  densely 
populated would g e n e r a l l y  be l e s s  l i k e l y  t o  be immediately u t i l i z e d ,  reducing 
t h e  p o t e n t i a l  f o r  i nadve r ten t  i n t r u s i o n .  I n  a d d i t i o n ,  t h e  s i t e  should n o t  
have any extens ive n a t u r a l  resources on t h e  ground surface, i n  t h e  hydrogeologic 
u n i t s  used f o r  d isposal  o r  a t  g rea te r  depth such as t o  encourage d r i l l i n g  o r  
excavat ion w i t h i n  t h e  s i t e  a f t e r  i n s t i t u t i o n a l  c o n t r o l s  end. S i t e s  having 
resources a t  much g rea te r  depths below the  disposed waste would be acceptable 
prov ided t h e  e x p l o i t a t i o n  o f  such resources would n o t  a f f e c t  t h e  performance 
o f  t h e  f a c i l i t y  (e.g., l e a d  t o  increased ground-water con tac t  w i t h  d isposal  
waste o r  r e s u l t  i n  decreased ground water t r a v e l  t imes). 

4.6.3 Design and Operations 

Requirement 

1. 	 Higher concen t ra t i on  waste p resen t ing  h igher  hazard p o t e n t i a l  t o  an 
i n a d v e r t e n t  i n t r u d e r  must be disposed o f  a t  a minimum depth ( t o  t h e  
t o p  o f  t h e  waste) o f  5 meters below f i n a l  grade ( o r  t h e  sur face o f  
t h e  cover) o r  must be disposed o f  w i t h  n a t u r a l  o r  engineered b a r r i e r s  
t h a t  a re  designed t o  p r o t e c t  aga ins t  i n a d v e r t e n t  i n t r u s i o n  f o r  a t  
l e a s t  500 years.  

2. 	 Compressible wastes s h a l l  be segregated from and disposed o f  separate ly  
from waste i n  a s t a b l e  noncompressible form. 

Analys is  

Many a l t e r n a t i v e s  may be a p p l i e d  t o  reduce t h e  impacts o f  i n a d v e r t e n t  i n t r u s i o n .  
Many have e i t h e r  been a p p l i e d  i n  t h e  p a s t  a t  e x i s t i n g  d isposal  f a c i l i t i e s  o r  
w i l l  r e q u i r e  o n l y  minor m o d i f i c a t i o n  t o  e x i s t i n g  designs and opera t i ona l  
p r a c t i c e s .  Those t h a t  NRC examined i n  t h e  e a r l i e r  ana lys i s  were: 

o Use o f  t h i c k e r  d isposal  c e l l  covers 
o 	 Use o f  spec ia l  waste d isposal  c e l l s  such as caissons, w a l l e d  

t renches, o r  o the r  "engineered s t r u c t u r e s "  
o Layered d isposal  
o S l i t  t r ench  d isposal  
o Grou t ing  
o Engineered i n t r u d e r  b a r r i e r  

The r e s u l t s  o f  t he  e a r l i e r  a n a l y s i s  i n d i c a t e  t h a t  depth o f  b u r i a l  ( i . e . ,  
l a y e r i n g  t h e  waste) i s  t he  e a s i e s t  t o  implement t e c h n i c a l l y  and cos ts  t h e  
l e a s t .  I n  t h i s  case, t h e  more a c t i v e  waste would be p r e f e r e n t i a l l y  p laced 
toward t h e  bottom o f  t h e  t rench.  The p o t e n t i a l  i n t r u d e r  would tend t o  con tac t  
t h e  l o w e r - a c t i v i t y  waste. Since many o f  h i g h - a c t i v i t y  waste streams which 
cou ld  be disposed i n  t h i s  manner would a l s o  be expected t o  con ta in  h igh-sur face 
gamma r a d i a t i o n  l e v e l s ,  t h i s  technique would a l s o  help t o  reduce p o t e n t i a l  
occupat ional  exposures t o  d isposal  f a c i l i t y  workers. The h o t  waste f a c i l i t y  
analyzed--a type o f  engineered s t r u c t u r e - - i s  probably  t h e  most d i f f i c u l t  t o  
implement t e c h n i c a l l y  and cos ts  t h e  most. Others f a l l  i n  between except f o r  
s i g n i f i c a n t l y  d i  f f e r e n t  methods of d isposal  (e. g. , mined c a v i t y  d isposal  ). To 
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main ta in  f l e x i b i l i t y  i n  assur ing p r o t e c t i o n  o f  t h e  i n a d v e r t e n t  i n t r u d e r  by 
p l a c i n g  g rea te r  c o n t r o l s  on t h e  h igher  a c t i v i t y  wastes, NRC se lec ted  no s p e c i f i c  
p r e s c r i p t i v e  requirement. Such f l e x i b i l i t y  w i l l  a l l o w  f o r  reg iona l  d i f f e r e n c e s  
i n  s i t e  c h a r a c t e r i s t i c s ,  d i f f e r e n t  f a c i l i t y  designs, and i n d i v i d u a l  preferences 
o f  d isposal  f a c i l i t y  operators.  

I n  determin ing which waste streams may n o t  be acceptable f o r  near-surface 
d i sposa l ,  one o f  t h e  quest ions i s  how long  b a r r i e r s  t o  a p o t e n t i a l  i n t r u d e r  
may be expected t o  l a s t .  Such b a r r i e r s ,  o f  course, would be expected t o  l a s t  
several  hundred years b u t  n o t  f o reve r .  Some b a r r i e r s  may l a s t  longer  than 
others.  For example, t h e  e f f e c t i v e n e s s  o f  t h e  " h o t  waste f a c i l i t y "  discussed 
above t o  de te r  t h e  ac t i ons  o f  a p o t e n t i a l  i n t r u d e r  would be expected t o  l a s t  
l onger  than a d isposal  method such as l aye r ing .  From t h e  analyses performed 
e a r l i e r  i n  t h e  E I S ,  i t  can be seen t h a t  due t o  r a d i o a c t i v e  decay, exposures t o  
a p o t e n t i a l  i n t r u d e r  from almost a l l  waste streams t y p i c a l l y  considered t o  be 
LLW have f a l l e n  t o  a few m i l l i r e m s  a f t e r  a few hundred years--e.g. ,  500 years. 
A f t e r  500 years,  o n l y  a few waste streams a re  est imated t o  r e s u l t  i n  p o t e n t i a l  
i n t r u d e r  exposures o f  a few hundred m i l l i r e m s .  Very few (e -g . ,  one o r  two 
streams) having small  volumes are est imated t o  r e s u l t  i n  p o t e n t i a l  i n t r u d e r  
exposures exceeding 500 m r e m  a f t e r  500 years. 

The segregat ion o f  compressible wastes i s  discussed i n  t h e  concluding s e c t i o n  
on waste form. 

4.6.4 Waste Form and Packaging 

Requirement 

Higher a c t i v i t y  waste s h a l l  have s t r u c t u r a l  s t a b i l i t y .  S t r u c t u r a l  s t a b i l i t y  
can be p rov ided  by t h e  waste form i t s e l f ,  process ing t h e  waste t o  a s t a b l e  
fo rm,  o r  p l a c i n g  t h e  waste i n  a d isposal  con ta ine r  o r  s t r u c t u r e  t h a t  prov ides 
s t a b i l i t y  a f t e r  d isposal .  Void spaces w i t h i n  t h e  waste and between t h e  waste 
and i t s  package s h a l l  be reduced t o  t h e  e x t e n t  p r a c t i c a b l e .  The waste must 
ma in ta in  i t s  phys i ca l  dimensions and consis tency under c o n d i t i o n s  o f  t h e  
compressive load, r a d i a t i o n ,  and b iodegradat ion t o  be encountered i n  d isposal .  

Anal ys is 

I n  general ,  p l a c i n g  t h e  h ighe r  a c t i v i t y  waste i n t o  a s t a b l e  form and d isposing 
o f  them toge the r  i n  a separate d isposal  u n i t  segregated f r o m  compressible 
wastes reduces t h e  impacts t o  a p o t e n t i a l  i nadve r ten t  i n t r u d e r .  The waste i s  
l e s s  a v a i l a b l e  f o r  i n h a l a t i o n  and uptake, and someone i n t r u d i n g  i n t o  the  s i t e  
would be more l i k e l y  t o  i d e n t i f y  t h a t  they were n o t  d i g g i n g  i n  s o i l  i f  they 
found t h e  remains o f  s o l i d  waste, and would take a c t i o n  t o  f i n d  ou t  what i t  
was be fo re  proceeding too  f a r .  Other d e t a i l s  regard ing ana lys i s  o f  t h i s  
requirement, a l t e r n a t i v e s  considered, and t h e  p r e f e r r e d  a l t e r n a t i v e  se lec ted  
by NRC are s e t  o u t  i n  Chapter 5. 
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Chapter 5 

LONG-TERM 	 ENVIRONMENTAL PROTECTION--PRESENTATION 
AND ANALYSIS OF ALTERNATIVES 

5 . 1  INTKO~U~TION 

This chapter reviews a number of potential pathways f o r  long-term release of 
radionuclides t o  the environment from disposed waste. These pathways include: 

0 Ground-water migration; 
o Gaseous releases From decomposing waste; 
o Plant and animal intrusion; and 
o Wind and surface water erosion and transport .  

O f  these,  NKC s t a f f  believes tha t  the most s ignif icant  pathway i s  ground-water. 
migration. Gaseous releases do not have a large impact and can be reduced by 
assuring s table  s i t e  conditions. Impacts from plant and animal intrusion a re  
s i te -spec i f ic  and can be reduced t h r o u g h  engineering designs applied t o  reduce 
ground-water migration and potential  intruder exposures. Erosion i s  a slow, 
~ong-termprocess which can be controlled through proper s i t i n g  and good opera-
t i  snal techniques. 

Section 2 below analyzes groun -water migration presenting the impacts of the 
base case "no action'l a l te rna t ive  and the incremental changes i n  those impacts 
due t o  application of a range of a l ternat ives .  In the analysis of a l te rna t ives ,  
a number of  cases are  considered which represent a range o f  near-surface disposal 
technology options and waste forms. The resu l t s  o f  these case study analyses 
i l l u s t r a t e  a range o f  potential  radiological impacts, disposal cos ts ,  and  long-
term maintenance requirements representative of appli ication of current disposal 
technology. In these cases,  the resu l t s  from the preceding intruder analysis 
a re  incorporated into the case study analyses. T h i s  i s  done t o  account for  
any design and operational changes t h a t  may be required due t o  consideration 
of intruder protection. 

Section 3 analyzes development of a performance objective fo r  long-term releases 
t o  ground water leading to selection of a preferred performance objective. 

reviews the other three potential environmental release pathways, 
typical impacts based on exis t ing published data i n  a d d i t i o n  t o  ways 

e those impacts. Section 5 reviews technical requirements derived 
from the analyses, plus those involving codification of exis t ing pract ice ,  t h a t  
should be applie i n  t he  near-surface disposal of waste. 

To analyze potential  ground-water m i  grat isn impacts from near-surface radio-
waste disposal,  NRC s t a f f  has adopted use s f  a model reference waste 

disposal f a c i l i t y  located in a humid environment. To provide a reasonable ye t  
cQnservative analysis ,  movement o-f radionuclides from the disposed waste and 
~h~~~~~ ground water has been modeled based upon calculational procedures 
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der i ved  from Darcy 's  Law. (Add i t i ona l  i n f o r m a t i o n  i s  conta ined i n  References 
1and 2.)  As dep ic ted  i n  F igu re  5.1, a d isposal  c e l l  ( o r  group o f  d isposal  
c e l l s )  i s  assumed t o  be l oca ted  w i t h i n  an unsaturated zone o f  th ickness (Zo). 
Both t h e  unsaturated zone and the  under l y ing  sa tu ra ted  zone ( a q u i f e r )  are assumed 
t o  be s t a t i o n a r y ,  homogeneous, and i s o t r o p i c ,  and t h e  f l u i d  moving through these 
zones i s  assumed t o  be incompressible and o f  constant  v i s c o s i t y .  The d isposal  
c e l l  i s  f i l l e d  w i t h  a heterogeneous m ix tu re  o f  waste streams ranging from streams 
having very low a c t i v i t y  t o  streams having r e l a t i v e l y  h i g h  a c t i v i t y .  Each waste 
stream conta ins a p a r t i c u l a r  s u i t e  o f  rad io i so topes  and, i f  contacted by water, 
leaches a t  a p a r t i c u l a r  r a t e .  P r e c i p i t a t i n g  water s t r i k i n g  a covered d isposal  
c e l l  may p e r c o l a t e  i n t o  and f l o w  through t h e  c e l l  and leach o u t  a p o r t i o n  o f  
t h e  rad ionuc l i des  contained i n  t h e  waste. 

The source term of  each rad io i so tope  i n  the  disposed waste l e a v i n g  t h e  bottom 
o f  t h e  d isposal  c e l l  i s  g i ven  by (Jo) i n  Curies/year. The r a d i o a c t i v e  source 
moves down through t h e  unsaturated zone w i t h  h y d r a u l i c  v e l o c i t y  (w), and mixes 
w i t h  t h e  water i n  t h e  sa tu ra ted  zone. The water i n  t h e  sa tu ra ted  zone, c a r r y i n g  
t h e  radiocontaminants w i t h  it, i s  then assumed t o  f l o w  h o r i z o n t a l l y  w i t h  h y d r a u l i c  
v e l o c i t y  (v). As i l l u s t r a t e d  i n  F igure 5.1, t h e  contaminated ground water can 
be v i s u a l i z e d  as c ross ing  a discharge sur face a t  some a r b i t r a r y  d i s tance  (x) 
downstream o f  t he  d isposal  c e l l  (5 )  , having a rad ionuc l  i d e  a c t i v i t y  equal t o  J 
( i n  Ci/yr). 

The source t e r m  ( J o ) ,  and t h e  f a c t o r s  t h a t  go i n t o  i t s  determinat ion,  are discussed 
more e x t e n s i v e l y  i n  Appendix G and Reference 1. It i s  a somewhat compl icated 
f u n c t i o n  o f  s i t e  environmental cond i t i ons ,  d isposal  f a c i l i t y  design and opera t i ng  
p r a c t i c e s ,  waste c h a r a c t e r i s t i c s  ( i n c l u d i n g  waste l each ing  c h a r a c t e r i s t i c s ,  
r a d i o n u c l i d e  concentrat ions,  chemical content ,  and s t r u c t u r a l  s t a b i l i t y ) ,  and 
t h e  p o t e n t i a l  f o r  i n t r u s i o n  by humans, p l a n t s ,  o r  animals. To p rov ide  a reason
ab le  y e t  conservat ive analyses, t he  reference f a c i l i t y  i s  assumed t o  experience 
a r e l a t i v e l y  h i g h  p r e c i p i t a t i o n  r a t e  (1.17 m/yr) and a h i g h  n a t u r a l  p e r c o l a t i o n  
r a t e  (PERC = 180 m m / y r ) .  The p e r c o l a t i o n  o f  water i n t o  d isposal  c e l l s  a t  t h e  
reference f a c i l i t y  i s  a v a r i a b l e  depending upon f a c i l i t y  design and opera t i ng  
p r a c t i c e s  and waste fo rm.  F o r  example, unstable waste forms would r e s u l t  i n  
h ighe r  p e r c o l a t i o n  o f  ra inwa te r  i n t o  d isposal  c e l l s  (due t o  subsidence o f  
d isposal  c e l l  covers), w h i l e  improved t h i c k e r  d isposal  c e l l  covers and compac
t i o n  techniques would reduce p e r c o l a t i o n .  If t h e  unstable waste streams were 
disposed mixed w i t h  t h e  s t a b l e  waste streams, then a l l  o f  t h e  wastes would 
experience h igher  p e r c o l a t i o n  ra tes .  However, i f  the  unstable waste streams 
were disposed segregated from t h e  unstable waste streams, then o n l y  t h e  unstable 
waste streams would experience t h e  h igher  p e r c o l a t i o n .  

P e r c o l a t i o n  r a t e s  i n t o  d isposal  c e l l s  may a l s o  be increased through i n t r u s i o n  
by  i n a d v e r t e n t  humans, deep-rooted p l a n t s ,  and burrowing animals. Dur ing the  
a c t i v e  i n s t i t u t i o n a l  c o n t r o l  p e r i o d  f o l l o w i n g  l i c e n s e  te rm ina t ion ,  t h e  s i t e  
owner would be expected t o  survey and ma in ta in  t h e  d isposal  f a c i l i t y ,  t o  prevent  
i n a d v e r t e n t  i n t r u s i o n  by humans, and t o  c o n t r o l  and l i m i t  p o t e n t i a l  i n t r u s i o n  
by deep-rooted p l a n t s  and burrowing animals. However, f o l l o w i n g  t h e  a c t i v e  
i n s t i t u t i o n a l  c o n t r o l  pe r iod ,  breakdowns i n  such s u r v e i l l a n c e  and c o n t r o l  
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activities are postulated to occur. Therefore, for disposal facility designs
which depend upon improved covers to reduce percolation (e.g., a walled trench, 
a compacted clay cap), a reduction in the effectiveness of these disposal covers 
is assumed at a time 100 years following license termination. The extent of 
this reduction in effectiveness is discussed in Appendix G .  Briefly, however, 
90% of the disposal area experiences percolation equal to twice the previously
assumed value for that case. The remaining 10% experiences an even higher
percolation, the specific value of which depends upon the case considered. 

As another example, the leaching of radionuclides from the disposed waste depends 
upon the radionuclide content, whether the wastes are solidified, and the 
chemical content of the waste. Unsolidified waste streams are assumed to leach 
at a fraction corresponding to leach fractions measured under totally saturated 
conditions at the Maxey Flats, Kentucky and West Valley, New York disposal
facilities. Solidified waste forms are assumed to leach at lower rates based 
upon an approximation derived from experimental data (Refs. 1, 3 ) .  However, 
increased leaching of solidified waste forms is assumed if chelating agents 
are present. If wastes containing chelating agents or organic chemicals are 
disposed in a segregated manner from other waste streams, then the higher
leaching fractions are only applied to the segregated streams; otherwise, the 
higher leaching fraction is applied to all solidified streams. 

After the radionuclides have left the disposal cell, the movement of radio-
nuclides through ground water may be estimated by a number of calculation 
techniques-- many of which may be extremely complicated and require a great
deal of site-specific information. Given the generic nature of this analysis,
however, a simpler approximation in this EIS is used which allows rapid
consideration and comparison of a number o f  alternatives. This approximation
solves the Darcy's Law differential equations in terms of error functions as 
summarized in Appendix G. (Further information is contained in References 1 
and 2.) Basically, however, the disposed waste is modeled as PO distributed 
sources or sectors (which is more realistic than the assumption of a point
source), as shown in Figure 5.2. Movement of radionuclides out of the sectors 
and t o  a biota access location is calculated principally as a function of the 
ground-water travel time from the sector t o  the access location, the PecSet 
number (basically the distance to the access location divided by the longitudinal
dispersivity of the medium), and the retardation coefficients of the medium. 
The retardation coefficients assumed for the reference disposal facility are 
intended to correspond to soils having moderate permeability (See Table 5.2 in 
Section 5.2.1) and are radionuclide-specific. In this environmental impact 
statement, lower retardation coefficients are assumed for radionuclides 
contained in waste streams assumed t o  contain or be contacted by chelating 
agents or organic chemicals. 

Radionuclide concentrations may be then determined as a function of time at 

four principal downstream biota access locations: 


1. 	 a well located on the disposal facility and potential?y used by an 
inadvertent intruder following the end of the loo-. aar active 
institutional control period; 
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2. 

3. 

4. 

a w e l l  l oca ted  a t  t h e  s i t e  boundary which i s  assumed t o  be used by a 
few i n d i v i d u a l s ;  

a w e l l  assumed t o  be l oca ted  approximately 500 meters down g rad ien t  
from t h e  d isposal  f a c i l i t y  and used by a small  popu la t i on  o f  about 
100 persons; and 

a smal l  stream loca ted  about one k i l omete r  down g r a d i e n t  from t h e  
d isposa l  f a c i l i t y  and assumed t o  be used by a smal l  popu la t i on  o f  
about 300 persons. 

Once t h e  concent ra t ions  a t  t h e  b i o t a  access l o c a t i o n s  are  determined, p o t e n t i a l  
exposures f rom consumption and use o f  t h e  water may be determined f o r  seven 
b o d i l y  organs. These inc lude  whole body, bone, l i v e r ,  t h y r o i d ,  k idney, lung,  
and t h e  g a s t r o - i n t e s t i n a l  (GI) t r a c t .  

As discussed e a r l i e r ,  t h e  c a l c u l a t i o n a l  procedure f i r s t  est imates t h e  source 
term J o ,  i n  cur ies/year ,  l e a v i n g  t h e  d isposal  c e l l .  However, t h e  concentra
t i o n s  o f  rad ionuc l i des  a t  t h e  b i o t a  access l o c a t i o n s  a r e  a l s o  determined by 
the  volume o f  water w i t h  which t h e  re leased and m i g r a t i n g  rad ionuc l i des  a re  
d i l u t e d .  A l l  o t h e r  cons idera t ions  be ing  equal ,  t h e  l a r g e r  t h e  volume o f  water 
w i t h  which t h e  rad ionuc l ides  a re  d i l u t e d ,  t h e  lower t h e  concent ra t ion  o f  t h e  
rad ionuc l ides  i n  t h e  water. The d i l u t i o n  volume i s  a s i t e - s p e c i f i c  va r iab le ,  
and i s  dependent upon t h e  a t t r i b u t e s  of t h e  a q u i f e r  ( th ickness,  f l o w  r a t e ,  
d i s p e r s i v i t y ,  e t c . ) ,  t h e  d is tance from t h e  re lease p o i n t  ( t h e  f u r t h e r  away from 
t h e  re lease p o i n t ,  t h e  g rea te r  t h e  m ix ing  t h a t  would l i k e l y  occur), and man-made 
pe r tu rba t i ons  such as pumping water f rom a w e l l .  

Given t h e  gener ic  na ture  of t h e  ana lys i s  i n  t h i s  environmental impact statement, 
reasonable y e t  conservat ive assumptions a re  made regard ing  t h e  d i l u t i o n  volumes. 
For  t h e  f i r s t  two b i o t a  access l o c a t i o n s  ( i n t r u d e r  w e l l  and boundary w e l l ) ,  
re leased rad ionuc l ides  a re  assumed t o  be d i l u t e d  by a volume o f  water  equal t o  
t h a t  p rov ided by n a t u r a l  p e r c o l a t i o n  o f  ra inwa te r  upon t h e  d isposal  area (about 
87 acres). ( A t  t h e  re fe rence f a c i l i t y ,  t h i s  volume o f  water i s  equal t o  
63,400 m 3 . )  O f  t h i s  volume, t h e  i n d i v i d u a l  us ing  t h e  contaminated water i s  
assumed t o  wi thdraw 7700 m3/year (3.84 gpm), which represents  t h e  bas ic  annual 
needs o f  a s i n g l e  person l i v i n g  i n  a r u r a l  area (See Appendix G ) .  

For  t h e  popu la t i on  w e l l ,  t h e  d i l u t i o n  volume i s  assumed t o  correspond t o  t h e  
annual volume of  water withdrawn from a water w e l l  pumping a t  a r a t e  o f  100 
gpm (200,000 m3/yr). Small farming communities t h a t  u t i l i z e  ground water  f o r  
t h e i r  needs u s u a l l y  have w e l l s  t h a t  range from 100 gpm t o  1,000 gpm depending 
on t h e  popu la t ion .  For t h e  sur face water  access l o c a t i o n ,  a stream i s  assumed 
hav ing  a f l o w  r a t e  o f  about 5 f t 3 / sec  (4.5 x I O 6  m3/yr). A stream having a 
f l o w  r a t e  o f  much below t h i s  va lue i s  u n l i k e l y  t o  be used f o r  human consumption. 

5 . 2 . 1  D e s c r i p t i o n  o f  Base Case No Ac t ion  A l t e r n a t i v e  

Base case r a d i o l o g i c a l  impacts a re  c a l c u l a t e d  f o r  t h e  t h r e e  base cases summarized 
i n  Table 5.1. Case 1 i l l u s t r a t e s  t h e  p o t e n t i a l  ground-water impacts o f  d ispos ing  
base case waste forms under cond i t i ons  which promote d isposal  f a c i l i t y  i n s t a b i l i t y  
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Table 5.1. Base Cases Considered 


Case 1 - Base Case-Moderately Permeable Soils 

0 	 Regular shallow land burial (SLB) trench (reference site and base 
case facility design as set out in Appendix E).
Waste spectrum 1 
SLB with a thin cap
No segregation of wastes containing chelates 
No segregation of compressible wastes 
Random disposal of waste 
Layering used as an intruder barrier 
Site soils are assumed to have moderate permeability 

Case 2 - Base Case-Highly Permeable Soils 

Regular SLB trench 

Waste spectrum 1 

SLB with a thin cap

No segregation of wastes containing chelates 

No segregation of compressible wastes 

Random disposal of waste 

Layering used as an intruder barrier 

Site soils are assumed to have relatively high permeability 


Case 3 - Base Case-Low Permeable Soils 

Regular SLB trench 
Waste spectrum 1 
SLB with a thin cap 
No segregation of wastes containing chelates 
No segregation of compressible wastes 
Random disposal of waste 
Layering used as an intruder barrier 
Site soils are assumed to have relatively low permeability 

at a site having moderately permeable soils. Case 2 illustrates the same impacts 
at a site having highly permeable soils and Case 3 a site having low permeable
soils. The three base cases are analyzed to illustrate the relative difference in 
impacts that may occur due to differences in site-specific ground-water flow condi
tions. Relative to Case 1,the site for Case 2 is assumed to experience lower 
leaching due to shorter contact times between percolating water and the disposed 
wastes, shorter ground-water travel times between the disposed waste and the 
aquifer, and lower ion exchange. Relative to Case 1,the site for Case 3 is 
assumed to experience higher leaching (longer contact times), larger graund-water
travel times between the disposed waste and the aquifer, and higher ion exchange. 
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A comparison of the retardation coefficients, contact times and ground-water
travel times between the waste and the aquifer assumed for the three cases is 
included as Table 5.2. 

The radiological impacts calculated for Cases 1-3 are conservative but do provide 
a baseline of data against which potential costs and radiological impacts of 
alternatives may be assessed. As referred to in Table 5.1, the facility f o r  
Cases 1-3 is sited, designed and operated as previously described in Chapter 3 
and as set out in detail in Appendix E. The waste is disposed of in a regular
shallow land burial trench with a "standard" thin cap. 

The waste disposed of at the site is assumed to be that characterized as Waste 
Spectrum No. 1. "Waste Spectrum 1" refers to the base case waste form--much 
of which is assumed to be in an easily compressible, readily degradable waste 
form with relatively high leaching characteristics. Filter sludges and resins 
are dewatered and little to no compaction is performed for compressible wastes. 
The waste form for solidified liquids is assumed to be half urea-formaldehyde
and half cement. Some liquids--e.g., those from institutional waste generators--
are shipped to the disposal facility using absorbents rather than being solidified. 
Wastes containing organic chemicals, chelating agents, or compressible materials 
are assumed to be mixed with the higher activity wastes. The waste is also 
assumed to be randomly disposed into the reference facility, and due to the 
readily degradable nature of much of the waste, severe subsidence problems are 
assumed to occur. The facility is assumed to be characterized by potholes and 
subsidence depressions, leading to sources of rainwater infiltration. Percola
tion into the waste cells is assumed to be twice as high as the surrounding
undisturbed so i l s .  Finally, results from the preceeding intruder analysis are 
also included such that the higher activity wastes requiring increased intruder 
protection are disposed on the bottom o f  the trench. Some wastes, not acceptable
for disposal based on the intruder analysis results, are excluded from the analysis. 

5.2.2 Costs and Impacts of Base Case No Action Alternative 

The base case costs and impacts are summarized on the following three tables 
which show the impacts and costs for the three cases analyzed. Table 5.3 summarizes 
the maximum exposures received over 10,000years for each of the seven organs
considered in the analysis from each o f  the four biota access locations: (1) 
a well located onsite which is assumed to be used by a potential inadvertent 
intruder following the end of the active institutional control period, (2) a 
well located at the site boundary which i s  assumed to be used by a few individuals, 
(3)  a well assumed to be located approximately 500 meters down-gradient from 
the disposal facility and used by a small population of about 100 persons, and 
(4) a small stream located about one kilometer down gradient of the disposal
facility, and assumed to be used by a small population of about 300 persons.
Also shown is the approximate time, to 10,000years, that these exposures occur. 
All exposures listed are to individuals. Table 5.4 illustrates the Case 1 
calculated exposures to whole body and thyroid for each of the access locations 
for a number of time periods after facility closure. Table 5.5 contains a summary 
of other costs and impacts associated with waste disposal, including short-term 
population doses due to waste processing and transportation; short-term occupa
tional doses due to waste processing, transport, and disposal; incremental energy 
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Table 5.2 	 Comparison o f  Assumed Environmental 
C h a r a c t e r i s t i c s  f o r  Cases 1, 2, and 3 

Property  Case 1 Case 2 Case 3 

Re ta rda t i on  s e t  used (NRET) 3 2 4 


Reta rda t ion  c o e f f i c i e n t s  

H- 3 1 1 1 

C- 14  10 1 0  10 

Fe-55 2640 1290 5400 

N i  -59 1750 860 3600 

N i  -63 1750 860 3600 

CO-60 1750 860 3600 

Sr-90 36 18 73 

Nb-94 4640 2150 10,000 

Tc-99 4 3 5 

1-129 4 3 5 

CS-135 350 173 720 

Cs-137 350 173 7200 

U- 235 3520 1720 7200 

U-238 3520 1720 7200 

Np-237 1200 600 2500 

Pu-238 3520 1720 7200 

Pu-239/240 3520 1720 7200 

Pu-241 3520 1720 7200 

Pu- 242 3520 1720 7200 

Am- 241 1200 600 2500 

Am- 243 1200 600 2500 

Cm- 243 1200 600 2500 
Cm- 244 1200 600 2500 

I n fi1t r a t i  ng p e r c o l a t i o n  1.16E-3 1.16E-4 1.16E-2 
f a c t o r :  * 3.24E-5 3.24E-6 3.24E-4 

Ground-water t r a v e l  t ime  10 ((1 60 
from bottom o f  waste t o  
a q u i f e r  ( y rs )  

"This f a c t o r  i s  equal t o  p x tc. S u b s t i t u t i n g  f o r  tc, 
t h i s  f a c t o r  i s  equal t o  p2/nv, where 

P =  amount o f  t h e  p r e c i p i t a t i o n  (m/yr) t h a t  
i n f i l t r a t e s  i n t o  a d isposa l  c e l l  and comes 
i n t o  c o n t a c t  w i t h  t h e  waste. 

-
tc - p/nv = p e r c o l a t i o n  con tac t  t i m e  w i t h  t h e  waste. 

n =  waste c e l l  e f f e c t i v e  p o r o s i t y  

v =  speed o f  t h e  p e r c o l a t i n g  water 

The f i r s t  va lue  f o r  each case i s  f o r  p e r c o l a t i o n  through a 
d isposa l  c e l l  cover e q u i v a l e n t  t o  n a t u r a l  p e r c o l a t i o n  a t  t h e  
re fe rence f a c i l i t y  (180 mm/y r ) .  The second va lue  i s  f o r  
reduced p e r c o l a t i o n  due t o  an improved d isposa l  c e l l  cover 
f o r  which t h e  i n t e g r i t y  o f  t h e  cover can be reasonably 
assumed. See Appendix G. 
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Table 5.3 Base Radiological Impacts f o r  Cases 1-3 

(m rem/y r ) 

Cases" Body Bone Liver Thyroid Kidney Lung GI 

(1)
I n t ruder 3.063E+O 8.462E+2 3.044E+l 

We1 1 
Boundary 

We1 1 
Popul a t i  on 

(6,0001 
3.061E+O 
(6,000) 
6,197E- 1 

(4,000)
8.462E+2 
(4,000) 
2.673E+2 

(100)
1.571E+2 
(70)
1.246E-1 

We1 1 
Surface 

(8,000)
2.685E-2 

(4,000)
1.218E+1 

(8,000)
5.375E- 3 

' Water (10,000) (4,000) (10,000) 

(2)
Intruder 9.505E+l 1.808�+0 9.498E+l 2.678E+2 9.504E+l 9.495E+1 9.501E+1 

We1 1 (1001 (1,000) (100) (800) (1001 (100) (100)
Bou ndary 1.445E+2 1.620E+O 1.445E+2 2.678E+2 1.445E+2 1.445E+2 1.445E+2 

We1 1 (70) (2,0001 (70) (2,000) (70) (70) (70)
Popul a t i  on 5.538E-2 1.058E-1 3.210E- 2 2.675E+l 4.991E-2 2.124E-2 3.943E-2 

We1 1 (6,000) (6,000) (6,000) (6,000) (6,000) (6,0001 (6,000)
Surface 2.988E- 3 7.152E-3 1.926E-3 1.219E+O 2.731E-3 1.432E-3 2.242E- 3 

Water (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) 

(3)

In t  ruder 9.344E+l 7.529E+O 9.344E+l 8.025E+2 9.344E+l 9.344�+1 9.344E+1 


We1 1 (1001 (6,000) (100) (900 1 (100) (100) (100)
Boundary 2.637E+1 7.266E+O 2.637E+l 8.246E+2 2.637E+l 2.637E+1 2.637E+l 

We1 1 (120) (6,000) (1201 (2,000) (120) (120) (120)
Popul ation 1.025E+O 5.014E+O 1.010E+O 6.508E+2 1.022E+O 1.003E+O 1.014E+O 

We7 1 (10,000) (10,000) (10,000) (4,000) (10,000) (10,000) (10,000)
Surface 4.314E-2 1.947E-1 4.029E-2 3.522E+1 4.243E-2 3,896E-2 4.108E-2 

Water 10,000) (10,000) (10,000) (4,000) (10,000) (10,000) (10,000) 

*The radiological impact estimates shown for  each access location a re  the maximum over 
10,000 years as calculated using the GRWATER code. T h e  second number, i n  parentheses, 
i s  the year a f t e r  f a c i l i t y  closure t h a t  t h e  calculated impacts occur. The impacts 
a re  l i s t e d  as  obtained from the code output and should not be interpreted as 
representing accuracy t o  three s ign i f icant  d ig i t s .  
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Table 5.5 Other Impacts Associated With Cases 1-3 

Impacts Case 1 Case 2 Case 3 

Short-term population exposures: (man-mrem)
Processing at waste generator** - - -
Processing at regional processing center 0 0 0 
Waste tranportation 5.10E+5* 5.10E+5 5.10E+5 

Short-term occupational exposures: (man-mrem)
Processing at waste generator** - - -
Processing at regional processing center 0 0 0 
Waste transportation 5.82E+6 5.82E+6 5.82E+6 
Waste disposal 2.46E+6 2.46E+6 2.46E+6 

Waste generation and transport costs: ($)
Processing at waste generator** - - -
Processing at regional processing center 0 0 0 
Waste transportation 

Disposal costs: ($)
Design & Operational
Postoperational

.Total 
Unit ($/m3) 

Energy use: (gal)** 


Land use: (m2) 


Waste volume disposed:(m3)
Regular:
Chemical-stable 
Chemical-unstable 
No chemical-stable 
No chemical-unstab 

Total 
Layered: 
Chemical-stable 
Chemical-unstable 
No chemical-stable 
No chemical-unstab 

Total 
Hot Waste Facility:

Total Disposed: 

2.05E+8 2.05E+8 2.05E+8 

1.88E+8 1.88E+8 1.88E+8 
3.82E+7 3.46E+7 4.99E+7 
2.26E+8 2.23E+8 2.38E+8 
231 227 243 

- - 

3.40E+5 3.40E+5 3.40E+5 

9.26E+3 9.26E+3 9.26E+3 
1.15E+5 1.15E+5 1.15E+5 
2.22E+5 2.22E+5 2.22E+5 
5.34E+5 5.34E+5 5.34E+5 
8.81E+5 8.81E+5 8.81E+5 

9.62E+2 9.62E+2 9.62�+2 
1.87E+3 1.87E+3 1.87E+3 
3.70E+2 3.70E+2 3.70E+2 
9.59E+4 9.59E+4 9.59E+4 
9.91E+4 9.91E+4 9.91�+4 
0 0 0 
9.80E+5 9.80E+5 9.80�+5 

Total volume not acceptable:(m3) P.94E+4 1.94�+4 1.94E+4 

*The notation 5.10 E+5 means 5.10 x IO5 
**In this chapter, population exposures due to waste processing by waste 
generators, occupational exposures due to waste processing by waste generators, 
costs due to waste processing by waste generators, and energy use are presented 
as impacts and costs in addition to those associated with waste spectrum 1. 
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use i n  terms o f  t o t a l  g a l l o n s  o f  f u e l ;  and committed l a n d  use. T o t a l  costs  
and impacts from processing, t r a n s p o r t ,  and d isposal  o f  an e n t i r e  spectrum o f  
waste over 20 years are l i s t e d .  

Ground-Water Impacts 

As shown i n  Tables 5.3 and 5.4 t h e  c a l c u l a t e d  doses are h i g h  f o r  t h e  base case. 
F o r  Case 1, maximum doses t o  a l l  organs, w i t h  t h e  except ion o f  t h e  t h y r o i d  and 
bone a re  about 30 m i l l i r e m  a t  t h e  i n t r u d e r  w e l l ,  exceed 150 mrem a t  t he  boundary 
wel l , -are on $.he p rde r  o f  0 .1  mrem a t  t h e  p o p u l a t i o n  w e l l ,  and are on t h e  order  
o f  10 t o  10 mrem a t  t h e  sur face body water. Thy ro id  doses a r e  i n  t h e  range 
o f  800 mrem a t  t h e  i n t r u d e r  and p o p u l a t i o n  Wel ls,  270 mrem a t  t h e  p o p u l a t i o n  
w e l l ,  and 12  mrem a t  t h e  sur face water body. It i s  no t  l i k e l y  t h a t  doses t o  
a c t u a l  i n d i v i d u a l s  c o u l d  ever be t h i s  h igh,  no tw i ths tand ing  t h e  conservatism 
o f  t h e  ana lys i s .  F o r  one t h i n g ,  potholes and depressions would be f i l l e d  i n  
by t h e  s i t e  owner, thus reducing t h e  p e r c o l a t i o n .  I n  a d d i t i o n ,  ground-water 
movement o f  rad ionuc l i des  would almost c e r t a i n l y  be detected through mon i to r i ng  
w e l l s  l ong  be fo re  apprec iab le exposures cou ld  be rece ived  by t h e  p u b l i c .  A 
more impor tan t  p o i n t  i s  t h a t  a considerable amount o f  e f f o r t  and c o s t  t o  t h e  
s i t e  owner may be r e q u i r e d  t o  p reven t  such exposures from occurr ing.  This  i s  
discussed i n  more d e t a i l  l a t e r .  

Table 5.4 prov ides an i l l u s t r a t i o n  o f  p o t e n t i a l  whole body and t h y r o i d  doses 
f o r  Case 1as a f u n c t i o n  o f  t ime. Exposures t o  whole body a t  t he  i n t r u d e r  and 
boundary w e l l s  a r e  p r i n c i p a l l y  due t o  t r i t i u m ,  which c o n s t i t u t e s  (on a c u r i e  
bas is)  t h e  l a r g e s t  p a r t  of t h e  r a d i o n u c l i d e  i n v e n t o r y  a t  t h e  reference d isposal  
f a c i l i t y .  T r i t i u m  has t h e  l a r g e s t  leach f r a c t i o n  o f  t h e  rad ionuc l i des  considered 
and i s  a l s o  assumed t o  migrate w i t h  t h e  speed o f  t h e  ground water. Given t h e  
nature o f  t h e  assumptions i n  t h e  c a l c u l a t i o n s ,  t r i t i u m  leaves t h e  disposed waste 
more o r  l e s s  as a s l u g  f l o w .  Due t o  d i spe rs ion ,  however, t h e  edges o f  t h e  pu lse  
t r a i l  out .  As t h e  s l u g  o f  contaminat ion moves p a s t  t h e  i n t r u d e r  w e l l  and then 
t h e  boundary w e l l ,  p o t e n t i a l  exposures a t  each w e l l  r i s e  t o  a maximum and then 
f a l l  t o  another low value. T r i t i u m ,  however, has a r e l a t i v e l y  s h o r t  h a l f - l i f e  
and due t o  r a d i o a c t i v e  decay has o n l y  a very minor impact a t  t h e  p o p u l a t i o n  
w e l l  and sur face water body. 

However, t o t a l  impacts are f r o m  a l l  r ad ionuc l i des ,  each o f  which may have a 
d i f f e r e n t  leach r a t e ,  r e t a r d a t i o n  c o e f f i c i e n t ,  and decay constant.  The maximum 
concen t ra t i on  o f  each r a d i o n u c l i d e  i n  ground water t h e r e f o r e  a r r i v e s  a t  t he  
access l o c a t i o n  o f  i n t e r e s t  a t  d i f f e r e n t  t imes - -o f ten  a t  w ide l y  d i f f e r e n t  t imes 
up t o  thousands o f  years.  F o r  example, t y p i c a l l y  f o l l o w i n g  the  t r i t i u m  would 
be Tc-99 and 1-129, f o l l o w e d  by C-14. I f  graphed, t h e  r e s u l t  would be t y p i c a l l y  
a lumpy dose curve. As shown i n  Table 5.4 a f t e r  an i n i t i a l  hump w i t h i n  a few 
hundreds o f  years,  a low p e r i o d  i s  observed a f t e r  which one o r  more humps a re  
observed i n  t h e  range o f  thousands o f  years.  An except ion i s  t h e  t h y r o i d ,  which 
i l l u s t r a t e s  a broad maximum which p e r s i s t s  f o r  l o n g  t ime  per iods.  This  dose 
i s  main ly  a r e s u l t  o f  iodine-129. 

As shown i n  Table 5.4, t h e  c a l c u l a t e d  maximum exposures a t  t h e  i n t r u d e r  w e l l  
over 10,000 years occur a t  about 50 years f o l l o w i n g  f a c i l i t y  c losu re  and a re  
i n  t h e  range o f  500 m i l l i r e m .  However, p r i o r  t o  t h e  assumed end o f  t h e  100-year 
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active institutional control period, the site owner would preclude inadvertent 

intrusion and possible construction and use of the intruder well. The maximum 

intruder well exposures for whole body are therefore determined to occur at 

about 100 years following disposal facility closure, or right at the assumed 

end of the active institutional control period. This results in larger whole 

body exposures at the boundary well than at the intruder well. Maximum thyroid 

exposures at the intruder well occur in the neighborhood of 4,000 years following

facility closure. 


Cases 2 and 3 illustrate the effect of some different assumptions regarding
site-specific conditions. In Case 2, relatively low retardation coefficients 
are assumed, indicative of a sandy soil. The same sandy soil i s  used as a back
fill around the waste packages, resulting in a reduced contact time with 
infiltrating rainwater. In Case 3 ,  on the other hand, the soils in which the 
waste is disposed are assumed to be relatively impermeable, and have higher
retardation coefficients than that of the reference facility. However, the 
same relatively tight soils are assumed to be backfilled into the disposal
trenches. This results in relatively higher contact times with infiltrating
precipitation. As can be seen jn Table 5.3, Case 2 seems to generally exhibit 
somewhat lower exposures than Case 1 for the population well and surface water 
body. The opposite trend appears to occur at these two access locations for 

3 .  For the intruder well and the boundary well, a clear-cut trend is not 
seen. Calculated exposures for Cases 2 and 3 are sometimes higher, and sometimes 
lower, than those for Case 1, depending upon the organ considered. For thyroid 
exposures at. the boundary well, for example, calculated potential maximum expo
sures for Case 2 are about a factor of 3 lower than for Case 1. These calculated 
exposures occur over a very long time period, however--i.e., over a broad flat 
curve lasting greater than 9,000years. Maximum thyroid exposures for Case 3 
are in the same range as those calculated for Case 1 but the time period over 
which the maximum exposures occur is less pronounced. 

This should not be interpreted to conclude that disposal sites having extremely
permeable soils are the best for waste disposal or that sites having very
impermeable soils should be avoided. The point is the importance of minimizing
the quantity o f  radionuclides released from the waste. After the radionuclides 
have been released from the waste, the control one has over potential exposures 
i s  diminished. One ha5 to depend upon ion-exchange properties in soil--properties
whicR are diff icult to predict with certainty. 

The relative impacts of other options regarding near-surface waste disposal--that
of reducing the quantity of water infiltrating into the trench and of reducing
the radioactivity mobilized by the infiltrating water--is discussed extensively
in subsequent cases. Prior to this, however, base case costs and short-term 
radiological impacts are examined for the three cases. This provides a basis 
against which other options may be compared. 

5.2.2. I Other Impacts 

Base case costs and short-term radiological impacts are shown in Table 5.5 and 
consist of waste processing and transportation exposures, occupational exposures, 
costs, incremental energy use, and land use. Also shown are the waste volumes 
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disposed as well as individual and population intruder exposures to whole body
and bone. Populational exposures from processing wastes at all generating facil
ities are not calculated for waste spectrum 1 as waste spectrum P is meant to 
represent conditions in which little or no waste processing is perfomed other 
than that required to meet safety requirements for transportation and disposal
facility waste handling operations. In addition, such impacts are already
considered as part of licensing such facilities. (This E I S  is interested in 
the incremental exposures above the base case exposures.) Potential impacts
from processing wastes at a regional processing center are also zero for the 
reference waste spectrum 1. (No regional waste processing is assumed to occur 
for waste spectrum 1.) 

Total transportation population exposures are an estimated 510,000 man-millirem 
for 20 years delivery of waste to the disposal facility. This exposure was 
calculated assuming an average waste transport distance of 400 miles (one way)
and an assumed population dose of 0.018man-millirem per shipment per mile. 
In addition, each shipment is assumed to make one stop during the 400-mile trip,
resulting in a population dose of 2.0 man-mrem per shipment stopover. The total 
population exposed is assumed t o  be 1.5 x IO5 persons during transit and 
500 persons per stopover. 

Short-term occupational exposures are calculated as the total exposures over 
20 years of (1) waste processing activities, (2) waste transportation, and (3) 
waste disposal. Occupational exposures from normal waste handling and packaging 
to meet DOT transportation requirements and to meet safety requirements at 
disposal facilities (e.g., specific packaging criteria for biological wastes, 
solidification of liquids) are not estimated for waste spectrum 1. These would 
be expected to vary widely among the many thousands o f  NRC and Agreement State 
1icensees. However, additional potential exposures due to the additional waste 
treatment processes considered in waste spectra 2-4 are estimated as part of 
the impacts of these spectra. Occupational exposures due to waste transportation
and waste disposal are estimated as about 5.82 and 2.46 man-millirem per m3 
of waste transported and disposed. Again, as no waste processing activities 
are assumed to take place at a regional processing center for waste spectrum 1, 
no occupational doses due t o  waste processing at the regional center are calculated 
for Cases 1-3. 

Disposal facility occupational exposures are calculated as approximately 123,000 
man-mrem/year. Assuming a total exposed working crew o f  about 45 persons, this 
calculates as an average estimated 2.73 rem per year per individual worker, 
which is within the general range o f  occupational exposures currently experienced 
at operating disposal facilities. 

Costs are broken down into processing costs, transportation costs, and disposal 
costs. For waste spectrum 1,minimal waste processing is assumed to occur. 
The actual costs experienced by a waste generator are a function o f  many variables, 
including the characteristics of the waste processed, the volume of the waste 
processed, and the design of the waste processing equipment, if any. Processing 
costs are presented in this section as additional costs to those associated 
with waste spectrum 1. 
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Transportation costs may vary widely for different waste generators depending 
upon the distance from the waste generator to the disposal facility and the 
characteristics of the waste disposed. Information regarding the assumptions
used to determine these costs are provided in Appendix G. For this EIS, a 
base case transportation cost of $205 million is estimated for transportation
of about 50,000 m3 of waste per year over 20 years ($209.2 per m3 of waste). 

Disposal costs are calculated in two parts: design and operational costs and 
postoperational costs. Design and operational costs are the fees charged by
the disposal facility operator to pay for operating and overhead costs, and 
receive a return on investment. These costs are estimated at about $192/m3 
($5. 43/ft3), which is about 18 cents/ft3 higher than that presented in 
Table 4.3 for the reference facility. This is due to the assumption of the 
additional operational step of layering the higher activity waste to reduce 
potential intruder impacts. 

Postoperational costs are fees assumed to be charged to the waste generator to 
ensure that sufficient funds will be available for facility closure and for 
long-term care, and are calculated as described in Appendix Q. As discussed 
in Appendix Q, funds for closure are assumed to be provided by the disposal
facility licensee, but passed on to the disposal facility customers. The 
availability of sufficient funds for closure is assumed to be assured through 
a financial surety mechanism. Funds for 100 years of long-term care are assumed 
to be provided through a state-operated sinking fund. As shown, unit post-
operational costs can, depending upon the case considered, range from $35/m3
($1.OO/ft3) to $51/m3 ($1.44/ft3). 

The shear magnitude of the funds that would be needed to be collected over 
20 years to ensure long-term care for the first three cases deserves special
consideration--e.g. , $50 million for Case 3.  As discussed earlier, significant
potential ground-water doses are estimated. These large calculated exposures
result from the assumed practice of indiscriminately disposing of easily
compressible, degradable waste streams (which frequently have only very low 
levels of contamination) with higher activity waste streams. These easily
degradable waste streams (e.g., trash) frequently contain chemicals which may
increase leaching and reduce sorption (ion exchange) of radionuclides during
migration through ground water. As discussed earlier, these calculated levels 
of exposures are not likely to be actually realized. However, to prevent such 
potential exposures from occurring, a considerable amount of active site main
tenance would be expected on the part o f  the site owner. It is difficult to 
predict how long this extensive site maintenance would be required or how much 
it would cost, although it is seen that many millions of dollars could be 
potentially involved. 

It could be argued that it would be a simple matter to merely charge sufficient 

postoperational fees to provide for the required care. However, this concept

has a number of drawbacks, including: 


o 	 There i s  no assurance that sufficient funds will be available for 
long-term care, or that funds collected will not be spent for other 
purposes. For example, the disposal facility may close prematurely
and prior to collection of sufficient funds. 
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o 	 There i s  no assurance t h a t  the extensive kinds o f  maintenance 
a c t i v i t i e s  t ha t  would be required would actual ly  be carried out in a 
timely manner. For example, a t  a s i t e  with very impermeable s o i l s ,  
subsidence could lead t o  disposal trenches f i l l i n g  up with water (the 
bathtub scenario), which could potent ia l ly  be ignored until  large 
expenditures were required t o  rec t i fy  the probl  em. 

o 	 Extensive s i t e  maintenance a c t i v i t i e s  can lead t o  releases of quant i t ies  
of radionuclides o f f s i t e .  For example, i f  extensive water management 
a c t i v i t i e s  such as removal and evaporation of large quant i t ies  of 
trench leachate are required (see Appendix Q ) ,  then o f f s i t e  exposures 
will resu l t .  EPA has estimated tha t  the potential impacts t o  a maximum 
exposed individual near a disposal f a c i l i t y  evaporating about a million 
gallons of contaminated l i q u i d  per year t o  be i n  the neighborhood of  
20 mrem (whole body) per year (Kef. 4 ) .  

Leaving a disposal f a c i l i t y  i n  a condition so t h a t  extensive active maintenance 
ac t i 'v i t ies  are required t o  ensure public health and safety could r e su l t  in a 
considerable financial  burden t o  the s i t e  owner and t o  future generations. 

Also shown i n  Table 5.5 i s  the estimated land use ( 3 . 4  E+5 m 2 ,  o r  about 86 acres) 
t o  dispose of approximately one million m3 of waste. In t h i s  chapter, energy 
use i s  presented in incremental gallons o f  equivalent fuel from t h a t  associated 
with Cases 1-3. 

5 . 2 . 3  Need f o r  Action 

Based upon the resu l t s  of  the preceeding base case analysis and upon a review 
of exis t ing experience and data regarding ground-water migration, a need for  
regulatory action i s  c lear ly  indicated. That i s ,  the no-action a l te rna t ive  i s  
c lear ly  unacceptable. For the fur ther  development of performance objectives 
and technical c r i t e r i a  t o  minimize potential  ground-water impacts, four key 
factors  can be s e t  o u t :  

1. 	 Ground-water migration i s  very s i te -spec i f ic  and depends on the meteor
ological,  hydrological and geological conditions o f  the s i t e ;  

2. 	 Ground-water migration i s  enhanced by an unstable waste form which 
can lead t o  waste decomposition, trench collapse,  and increased water 
i n f i l t r a t ion .  The long-term ef fec ts  of an unstable waste form and 
resul t i  ng unstabl e s i t e  conditions are di f f  i cul t t o  predict  ; 

3. 	 Unstable s i t e  conditions a t  some s i t e s  can lead t o  remedial action 
programs directed a t  minimizing potential  long-term environmental 
releases.  The programs can r e su l t  in short-term environmental releases,  
considerable expenditures of funds which were n o t  planned f o r  a t  the 
time t h e  f a c i l i t y  was opened, and t h e  poss ib i l i ty  t h a t  such "active 
maintenance'' programs will have t o  be carried o u t  over an uncertain 
time period a t  uncertain high costs ;  
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4. 	 The p o t e n t i a l  f o r  m i g r a t i o n  i s  increased by t h e  extended con tac t  o f  
water w i t h  waste bo th  d u r i n g  operat ions and a f t e r  c losure.  

It i s  a l s o  apparent t h a t  p o t e n t i a l  long-term groundwater m i g r a t i o n  cannot be 
analyzed by only cons ide r ing  p o t e n t i a l  r a d i o l o g i c a l  impacts. The need f o r  long-
term s o c i a l  commitment t o  care f o r  s i t e s  over t h e  l o n g  term and t o  ma in ta in  
p o t e n t i a l  r a d i o l o g i c a l  impacts t o  low l e v e l s  must a l s o  be considered. Two 
r e l a t e d  concepts which impact upon t h e  p o t e n t i a l  f o r  long-term r a d i o l o g i c a l  
re leases and upon t h e  need f o r  long-term s o c i a l  commitment are: (1) t h e  s t a b i l 
i t y  o f  t h e  waste form and d isposal  s i t e ,  and (2) t h e  p r e d i c t a b i l i t y  o f  t h e  
p o t e n t i a l  r a d i o l o g i c a l  impacts. Unless t h e  waste and t h e  d isposal  s i t e  a re  
s t a b l e  over t ime, i t  i s  d i f f i c u l t  t o  p r e d i c t  t he  long-term r a d i o l o g i c a l  impacts 
o f  d isposal ,  o r  t he  a c t i v i t i e s  (maintenance, moni tor ing,  e t c . )  and associated 
costs  r e q u i r e d  t o  ma in ta in  p o t e n t i a l  impacts t o  low l e v e l s .  I f  long-term 
r a d i o l o g i c a l  impacts and a c t i v i t i e s  r e q u i r e d  by a s i t e  owner cannot be p red ic ted ,  
then i t  i s  d i f f i c u l t  t o  assure t h e  long-term p r o t e c t i o n  o f  p u b l i c  h e a l t h  and 
s a f e t y ,  o r  t o  assure t h a t  f u t u r e  generat ions w i l l  n o t  be burdened by l a r g e  
expenses t o  ma in ta in  a d isposal  s i t e  i n  a sa fe  cond i t i on .  

The unpred ic tab le  nature o f  waste/disposal s i t e  i n s t a b i l i t y  can lead  t o  increased 
r a d i o l o g i c a l  and economic impacts a t  b o t h  humid and a r i d  s i t e s .  A t  humid s i t e s ,  
s t a b l e  d isposal  c e l l  covers a re  needed t o  minimize water i n f i l t r a t i o n  through 
the  covers and thus ma in ta in  p o t e n t i a l  ground-water releases t o  l e v e l s  as l o w  
as reasonably achievable. I n  cohesive, p o o r l y  dra ined s o i l s  t h e  i n h e r e n t  longer  
con tac t  t ime o f  i n f i l t r a t i n g  water leads t o  g rea te r  expected c o r r o s i o n  and 
decomposit ion r a t e s  than i n  we l l -d ra ined  permeable s o i l s  where t h e  con tac t  t ime  
would be less.  One i s  b a s i c a l l y  t r a d i n g  g rea te r  l each ing  and h ighe r  ion-exchange 
r a t e s  i n  low permeable s o i l s  w i t h  smal ler  l each ing  ( lower con tac t  t imes) and 
lower ion-exchange r a t e s  i n  h igher  permeable s o i l s .  Waste i n s t a b i l i t y  i n  p o o r l y  
dra ined s o i l s  can e s p e c i a l l y  l ead  t o  a p o t e n t i a l  "bathtub" problem, which can 
f u r t h e r  l e a d  t o  c o s t l y  t rench  pumping and s i t e  s t a b i l i z a t i o n  programs. I n  a r i d  
s i t e s ,  t r e n c h  i n s t a b i l i t y  can l e a d  t o  subsidence and increased p l a n t  and animal 
i n t r u s i o n  p l u s  increased p o t e n t i a l  f o r  wind e ros ion  and d i s p e r s i o n  o f  t r e n c h  
contents.  For example, a t  a government-operated d isposal  f a c i l i t y  l oca ted  on 
t h e  a r i d  Hanford Reservation, t h e r e  was an occurrence i n  which boxes o f  disposed 
waste co l lapsed,  r e s u l t i n g  i n  a depression i n  t h e  t rench  cover which exposed 
disposed waste. Po r t i ons  o f  t h i s  exposed waste were subsequently dispersed by  
h i g h  w i  nds. 

Three f a c t o r s  c o n t r i b u t e  t o  waste form/disposal s i t e  i n s t a b i l i t y ,  t h e  contact  
o f  water w i t h  waste, and the  r e s u l t i n g  long-term r a d i o l o g i c a l  and economic 
consequences. 

0 s i t e  environment; 
o s i t e  des ign and operat ions;  and 
o waste form. 

To consider  t h e  maximum p o t e n t i a l  impacts from waste d i sposa l ,  t h e  base case 
s i t e  analyzed i s  a humid s i t e ,  a l though as s t a t e d  above, was te /s i t e  i n s t a b i l i t y  
i s  a l s o  impor tant  a t  a r i d  s i t e s .  V a r i a t i o n s  t o  s i t e  designs and opera t i ng  
p r a c t i c e s  can lead  t o  g r e a t e r  s i t e  s t a b i l i t y  and minimize long-term m ig ra t i on .  
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Some o f  these v a r i a t i o n s  inc lude:  (1) segregat ion o f  compressible wastes and 
wastes c o n t a i n i n g  l a r g e  q u a n t i t i e s  o f  organic  chemicals o r  c h e l a t i n g  agents, 
(2) t h i c k e r ,  l e s s  permeable d isposal  c e l l  covers, (3)  improved compaction o f  
d isposal  c e l l  covers, (4) stacked d isposal  o f  waste r a t h e r  than random disposal ,  
(5) g r o u t i n g  o f  disposed wastes, and (6) use o f  engineered s t r u c t u r e s  such as 
concrete w a l l e d  trenches. 

The waste form i s  probably  t h e  most s i g n i f i c a n t  f a c t o r  c o n t r i b u t i n g  t o  s i t e  
s t a b i l i t y - - a  f a c t o r  c o n t a i n i n g  t h e  paradox t h a t  much i f  n o t  most o f  t h e  problems 
w i t h  s i t e  i n s t a b i l i t y  and h i g h  maintenance costs  i s  caused by the wastes 
c o n t a i n i n g  t h e  l e a s t  a c t i v i t y .  Most o f  t h e  waste sent t o  LLW disposal  f a c i l i t i e s  
c o n s i s t s  of  very low a c t i v i t y  m a t e r i a l  such as t r a s h  which i s  f r e q u e n t l y  e a s i l y  
degradable. I n  t h e  pas t ,  some o f  t h i s  waste has been packaged i n  e a s i l y  
degradable packages such as c a r d  board boxes. Most of t h e  waste, however, i s  
c u r r e n t l y  packaged i n  longer  l a s t i n g ,  b u t  s t i l l  degradable, r i g i d  conta iners 
such as wooden boxes and 55-gal lon s t e e l  drums. Large v o i d  spaces can a l s o  
e x i s t  w i t h i n  waste packages and t h e  d isposal  c e l l s  a f t e r  waste d isposal .  As 
t h e  waste m a t e r i a l  degrades and compresses, a process which i s  accelerated by 
con tac t  by water,  a d d i t i o n a  vo ids a re  produced. This  leads t o  set t lement  o f  
t h e  d isposal  c e l l  contents,  f o l l o w e d  by subsidence o r  slumping o f  t h e  d isposal  
c e l l  cover. Th is  increases t h e  p e r c o l a t i o n  o f  water i n t o  d isposal  c e l l s ,  
a c c e l e r a t i n g  the  cyc le .  Th s slumping and subsidence i s  f r e q u e n t l y  q u i t e  
sudden. 

The use o f  t h e  r i g i d  con ta ine rs  would be expected t o  reduce t h e  amount o f  sho r t -
term subsidence. Over t h e  longer  term, however, subsidence problems would s t i l l  
be observed, and f a c t o r s  c o n t r i b u t i n g  t o  t h i s  inc lude:  (1) t h e  waste conta ined 
i n  t h e  r i g i d  con ta ine rs  i s  s t i l l  f r e q u e n t l y  e a s i l y  degradable, and (2) even if 
t h e  waste i s  n o t  r e a d i l y  degradable (e.g., a c t i v a t e d  a l l o y  metal),  it i s  
f r e q u e n t l y  packaged i n t o  con ta ine rs  so t h a t  l a r g e  vo ids a re  l e f t  w i t h i n  t h e  
c o n t a i  ners. The r i g i d  con ta ine rs  i n i t i a l  l y  p rov ide  some s t r u c t u r a l  support  t o  
the  d isposal  c e l l  covers, and a c t  t o  "br idge"  vo ids w i t h i n  t h e  d isposal  c e l l  
and waste packages. (These vo ids may e x i s t  i n i t i a l l y  w i t h i n  t h e  d isposal  c e l l  
and waste packages o r  may be produced as a r e s u l t  o f  waste decomposition.) 
Even tua l l y ,  however, t h i s  s t r u c t u r a l  support  i s  l o s t  as the  r i g i d  con ta ine rs  
r u s t  o r  r o t  out ,  l ead ing  t o  d isposal  c e l l  s e t t l i n g  a t  r a t e s  which a re  d i f f i c u l t  
t o  p r e d i c t .  The bas i c  problem i s  the  voids.  I f  a waste con ta ine r  were 
completely f i l l e d  w i t h  r e l a t i v e l y  nondegradable, noncompressible mater ia ls- -e .  g. , 
a c t i v a t e d  metal w i t h  v o i d  spaces w i t h i n  t h e  con ta ine r  f i l l e d  w i t h  sand--then 
degradat ion o f  t h e  waste package would n o t  be expected t o  r e s u l t  i n  a subsidence 
problem. 

I n  the  f o l l o w i n g  sec t i on ,  a number o f  cases a r e  analyzed t o  i n v e s t i g a t e  t h e  
cos t -e f fec t i veness  o f  d i f f e r e n t  ways i n  which t o  achieve improved d isposal  f a c i l 
i t y  s t a b i l i t y ,  reduce r a d i o n u c l i d e  m ig ra t i on ,  and minimize long-term s o c i a l  
commitment i n  c a r r y i n g  o u t  a c t i v e  maintenance programs. I n  these cases, t h e  
re ference d isposal  f a c i l i t y  (moderately permeable s o i l s , )  i s  assumed. The 
p o t e n t i a l  r e l a t i v e  cos ts  and impacts o f  v a r i a t i o n s  i n  d isposal  f a c i l i t y  design 
and opera t i ng  p r a c t i c e s  a re  f i r s t  i nves t i ga ted ,  f o l l owed  by t h e  p o t e n t i a l  
r e l a t i v e  cos ts  and impacts o f  improvements i n  waste form. 
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5.2.4 A l t e r n a t i v e s  t o  t h e  Base Case 

The f o l l o w i n g  d e s c r i p t i o n  o f  a l t e r n a t i v e s  considers a wide range o f  p o t e n t i a l  
improvements t h a t  can be a p p l i e d  t o  design and operat ions t o  improve waste and 
s i t e  s t a b i l i t y  and t o  reduce t h e  con tac t  o f  waste by water. E i g h t  major cases 
a re  examined, w i t h  v a r i a t i o n s  on some cases a l s o  examined as appropr ia te.  These 
cases in c l  ude t h e  f o l  1owing: 

Case 1 A  - Use o f  sand b a c k f i l l  

Case 4 - O p e r a t i o n a l l y  improved case 

Case 5 - Concrete w a l l e d  t renches 

Case 6 - Deconta iner ized d isposal  o f  compressible waste 

Case 7 - Use o f  improved waste forms 

Case 8 - Use o f  f u r t h e r  improved waste forms 

Case 9 - Walled t renches and f u r t h e r  improved waste forms 

Case 10 - High i n t e g r i t y  con ta ine rs  


Case 2.A i s  i nc luded  t o  i l l u s t r a t e  use o f  a sand b a c k f i l l  around waste packages 
t o  minimize con tac t  t i m e  o f  p e r c o l a t i n g  water w i t h  disposed waste. The d isposal  
f a c i l i t y  design and opera t i ng  p r a c t i c e s  a re  assumed t o  be i d e n t i c a l  t o  Case 1. 
Waste spectrum 1 i s  a l s o  assumed. 

Case 4 i s  i nc luded  t o  i l l u s t r a t e  a range o f  improvements t o  d isposal  f a c i l i t y  
design and opera t i on  w i t h o u t  improvements i n  waste form. This  case i s  composed 
o f  5 subcases i n  which successive a d d i t i o n a l  d isposal  f a c i l i t y  design opt ions 
a re  added, i n c l u d i n g  ( i n  order) :  waste segregat ion,  improved compaction o f  
t h e  d isposal  c e l l  cover, a t h i c k  c l a y  cover, s tack ing  o f  waste, and use o f  a 
h o t  waste f a c i l i t y .  

Case 5 i nvo l ves  use o f  a h i g h l y  engineered d isposal  technique t o  p rov ide  disposal  
f a c i l i t y  s t a b i l i t y .  The waste i s  segregated, stacked w i t h i n  concrete wa l l ed  
t renches, and then grouted i n  p lace.  A concrete t rench  f l p o r  and a one meter 
t h i c k  concrete cap i s  a l s o  prov ided i n  a d d i t i o n  t o  a t h i c k  compacted c l a y  cap. 
Th is  case--a concrete w a l l e d  trench--would be expected t o  i n v o l v e  costs  s i m i l a r  
t o  an above-ground engineered s t r u c t u r e .  

Case 6 i s  i nc luded  t o  examine an a l t e r n a t i v e  method o f  d i spos ing  o f  compressible 
wastes o t h e r  than by extens ive pret reatment  operat ions.  I n  t h i s  case, compres
s i b l e  wastes a r e  d e l i v e r e d  t o  t h e  d isposal  f a c i l i t y  i n  reusable conta iners.  
A t  spec ia l  (segregated) trenches, t h e  wastes are emptied o u t  and compacted by 
heavy machinery. The wastes are p e r i o d i c a l l y  covered by a s o i l  l a y e r  which i s  
also compacted. To e l i m i n a t e  wind s c a t t e r ,  operat ions are conducted under an 
a i r  suppor t  b u i  1ding. 

Th is  a l t e r n a t i v e  i s  assumed t o  r e q u i r e  a p r e s o r t i n g  opera t i on  t o  exclude sealed 
sources, a c t i v a t e d  metal ,  o r  o the r  h i g h  r a d i a t i o n  sources. Even so, worker expo
sures f o r  such operat ions are expected t o  be high. The advantage o f  t h i s  opera
t i o n  i s  t h a t  s ince t h e r e  a r e  no r i g i d  con ta ine rs  and t rench  vo ids are reduced, 
i t  may be p o s s i b l e  t o  a r r i v e  a t  a s t a b l e  s i t e  w i t h i n  a f e w  years. However, 

. 

h ighe r  maintenance a c t i v i t i e s  would be i n i t i a l l y  expected u n t i l  s t a b i l i t y  i s  
achieved. 
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Case 7 i s  s i m i l a r  t o  Case 4 except t h a t  an improved waste form i s  used-- i .e. ,  
waste spectrum 2. Th is  spectrum represents  a number o f  improved waste forms 
which can be implemented i n  a reasonably s h o r t  t ime per iod .  A l l  l i q u i d s ,  f i l t e r  
sludges, and r e s i n s  a r e  s o l i d i f i e d  i n  improved waste forms ( h a l f  cement and 
h a l f  s y n t h e t i c  polymer). Compressible wastes are  compacted, which r e s u l t s  in, 
an improved waste form f o r  these wastes. Higher  a c t i v i t y  wastes such as LWR 
noncompactible t r a s h  are  packaged i n  a manner which r e s i s t s  compression over 
t h e  l ong  term. 

Th is  case cons is t s  o f  f o u r  subcases. Case 7A i s  s i m i l a r  t o  Case 1 A  i n  t h a t  t h e  
waste packages a re  assumed t o  be disposed w i t h o u t  cons idera t ion  o f  segregated 
d isposal  o f  compressible wastes and wastes con ta in ing  organ ic  chemicals o r  
c h e l a t i n g  agents. Cases 78, 7C, and 7D a re  s i m i l a r  t o  Cases 4A, 4B, and 4C 
and inc lude  t h e  f o l l o w i n g  successive d isposal  f a c i l i t y  design opt ions:  waste 
segregat ion,  improved compaction o f  t h e  d isposal  c e l l  covers, and use o f  a 
t h i c k e r  c l a y  cover. 

Case 8 i s  s i m i l a r  t o  Case 7D except t h a t  a f u r t h e r  improved waste form i s  used-
i . e . ,  waste spectrum 3. Th is  spectrum represents  about t h e  bes t  o v e r a l l  waste 
form which can be reasonably implemented us ing  e x i s t i n g  technology. However, 
i t  i s  expensive and requ i res  t ime t o  implement. I n  t h i s  spectrum, compressible 
wastes a re  i n c i n e r a t e d  and s o l i d i f i e d .  L iqu ids ,  res ins ,  and f i l t e r  sludges are  
a l so  s o l i d i f i e d .  The s o l i d i f i c a t i o n  media i s  assumed t o  be a s y n t h e t i c  polymer. 
Th is  spectrum genera l l y  p rov ides  a very s tab le  waste form. Th is  case represents  
minimal impacts and long-term maintenance cos ts  a t  r e l a t i v e l y  h i g h  waste t reatment  
costs .  

Case 9 i s  s i m i l a r  t o  Case 5 and i s  inc luded t o  i l l u s t r a t e  use o f  extreme (expensive) 
measures t o  minimize m i g r a t i o n  and long-term maintenance requirements. S t a b i l i t y  
i s  achieved by bo th  t h e  waste form (waste spectrum 3) and t h e  d isposal  operat ions 
(wa l led  and grouted d isposal  t renches).  

Case 10 i s  i nc luded  t o  i l l u s t r a t e  use o f  h i g h - i n t e g r i t y  con ta iners  (HICs) t o  
package and dispose of  c e r t a i n  waste streams. Case 10 cons is t s  of  t h ree  subcases 
us ing  s i m i l a r  d isposal  f a c i l i t y  designs as Cases 4C and 7D. 

5.2.4.1 Case 1 A  - Use o f  Sand B a c k f i l l  

The f o l l o w i n g  cases i n v e s t i g a t e  use o f  a number o f  op t ions  f o r  waste form, waste 
packaging, and d isposal  f a c i l i t y  design and opera t ion  t o  increase d isposal  f a c i l i t y  
s t a b i l i t y  and t o  minimize rad ionuc l i de  m ig ra t i on .  To do t h i s ,  t h e  cases p r i n c i p a l l y  
i n v e s t i g a t e  methods t o  reduce p e r c o l a t i o n  o f  water i n t o  d isposal  c e l l s  and/or 
reduce m i g r a t i o n  o f  rad ionuc l ides  f rom disposed waste streams through improved 
waste forms (e.g. through s o l i d i f i c a t i o n )  o r  packaging. 

Case lA, on t h e  o the r  hand, f o l l o w s  from Case 2 and inves t i ga tes  use o f  a sand 
b a c k f i l l  around disposed waste packages. Th is  reduces t h e  contac t  t ime o f  
p e r c o l a t i n g  water  and t h e r e f o r e  reduces leach ing  o f  rad ionuc l ides  f rom t h e  waste 
packages. Since t h e  sand f i l l  would tend  t o  r e a d i l y  f l o w  i n t o  i n t e r s t i t i a l  
spaces between waste packages du r ing  b a c k f i l l  operat ions,  some reduc t i on  i n  
t rench  vo ids  would a l so  be expected t o  occur.  The p o t e n t i a l  usefulness o f  t h i s  
technique was p rev ious l y  a l l uded  t o  du r ing  t h e  d iscuss ion  on Cases 1-3. 
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For Case l A ,  t h e  d isposal  f a c i l i t y  des ign i s  assumed t o  be e s s e n t i a l l y  t h e  same 
as Case 1, and i s  summarized on Table 5.1. Waste packages are  randomly disposed 
i n t o  d isposal  c e l l s ,  w i t h  no segregat ion o f  compressible waste streams o r  waste 
streams con ta i  n i  ng organic  chemical s o r  chel  a t i  ng agents. A t h i  n e a r t h  cover 
i s  p laced over t h e  disposed wastes, and i s  subjected t o  i n d i f f e r e n t  compaction. 
I ns tead  o f  b a c k f i l l i n g  t h e  d isposal  c e l l s  w i t h  excavated s o i l ,  however, a 
c lean sand f i l l  i s  used f o r  t h i s  purpose. I n  add i t i on ,  a 0.3 m (1ft) t h i c k  
l a y e r  o f  sand i s  p laced on t h e  bottom of t h e  d isposal  c e l l  p r i o r  t o  waste 
emplacement. The waste i s  emplaced t o  w i t h i n  one meter o f  t h e  t o p  o f  t h e  
d isposal  c e l l ,  and then b a c k f i l l e d  w i t h  sand t o  the  l e v e l  o f  t h e  t o p  o f  the  
c e l l .  The cap i s  then emplaced. The sand f i l l  i s  assumed t o  be obta ined from 
a l o c a l  borrow area and i s  s t o c k p i l e d  o n s i t e  u n t i l  used. 

Ground-Water Impacts 

Ground-water impacts f o r  Case 1 A  a re  shown i n  Table 5.6. I n  comparison w i th  
Case I, use o f  t h e  sand b a c k f i l l  reduces maximum ground-water impacts by about 
a f a c t o r  o f  10. I n  t h e  ana lys is ,  t h e  con tac t  t ime i s  c a l c u l a t e d  as f o l l o w s :  

tc = p/nv, where 

p =: 	 t h e  p r e c i p i t a t i o n  (m/yr) t h a t  i n f i l t r a t e s  i n t o  a d isposal  c e l l  and 
comes i n t o  contac t  w i t h  t h e  disposed waste. 

n = waste d isposal  c e l l  e f f e c t i v e  p o r o s i t y  

v = speed o f  t h e  p e r c o l a t i n g  water  (m/yr) 

Table 5.6 Maximum Ground-Water Impacts Associated w i t h  Case 1 A  

(mrem/yr) 

Case Body Bone L i v e r  Thyro id  Kidney Lung G I  

( 1 A )
In t ruder 3.044E+O 3.063E-1 3.044E+O 8.462E+1 3.044E+O 3.044E+O 3.044E+O 

We1 1 
Boundary 

(100)
1.571E+1 

(6,000)
3.061E-1 

(100)
1.571E+1 

(4 ,000)
8.462E+1 

(100)
1.571E+l 

(100)
1.571E+1 

(100)
1.571E+l 

We1 1 
Popu la t ion  

We11 
Surface 

(70)
4.845E-2 
(10 ,000) 
2.190E-3 

(6,000) 
7.115E-2 
(10 ,000) 
3.166E-3 

(70)
2.516E-2 
(10 ,000) 
1.128E-3 

(4,000)
2.674E+1 
(8 Y 000)
1.219E+O 

(70)
4.290E-2 
(10 ,000) 
1.934E-3 

(70)
1.432E-2 
(10 ,000) 
6.345E-4 

(70)
3,229E-2 
(10,000) 
1.445E-3 

Water (10 ,000) (10 9 000) (10,000) (10 ,000) (10,000) (10 9 000) (10,000) 
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For t h e  reference d isposal  f a c i l i t y  s o i l s ,  a waste d isposal  c e l l  e f f e c t i v e  p o r o s i t y  
,of about 25% i s  conserva t i ve l y  assumed. The speed o f  t h e  p e r c o l a t i n g  water i s  
assumed 50 be about one f o o t  p e r  day, which corresponds t o  a p e r m e a b i l i t y  of  
about 18 cm/sec. For the sand b a c k f i l l ,  t h e  speed o f  t h e  p e r c o l a t i n g  water 
i s  assumed t o  be r a i s e d  t o  about 10 f t l d a y .  

Although lower impacts a re  c a l c u l a t e d  f o r  t h i s  case, i t  should be recognized 
t h a t  t h e  sand b a c k f i l l  can be a use fu l  con junc t i on  t o  a s t a b l e  d isposal  f a c i l i t y  
b u t  cannot be a replacement t o  a s t a b l e  d isposal  f a c i l i t y .  For one reason, 
t h e  use o f  t h e  b a c k f i l l  i s  e f f e c t i v e  f o r  o n l y  so l ong  as the  p e r c o l a t i n g  water 
can d r a i n  through t h e  bottom o f  t h e  d isposal  c e l l s .  I f  the  r a t e  a t  which the  
water d ra ins  through the  bottom o f  t h e  d isposal  c e l l s  i s  l e s s  than t h e  pe rco l 
a t i o n  r a t e ,  water w i l l  t end  t.o c o l l e c t  i n  t h e  bottom o f  t h e  d isposal  c e l l s .  
I f  s u f f i c i e n t  water c o l l e c t s  t o  inundate t h e  disposed waste packages, then s f  
course the  advantage o f  us ing  t h e  sand b a c k f i l l  i s  l o s t .  As discussed p rev ious l y ,  
f o r  Cases 1 - 3 ,  t h i s  may e s p e c i a l l * i  be of concern f o r  d isposal  f a c i l i t i e s  having 
h i g h l y  impermeable s o i l s .  Th i s  "bath tub tg  scenar io may p o t e n t i a l l y  l ead  t o  
over f l o w  o f  leachate from d isposal  c e l l s .  A t  t h e  l e a s t ,  it w i l l  l e a d  t o  con
s i d e r a b l y  h ighe r  long-term maintenance a c t i v i t i e s  and costs.  

Other Impacts 

Other impacts associated w i t h  t h i s  case are l i s t e d  i n  Table 5.7. Compared w i t h  
Case 1, t h e  p r i n c i p a l  change i s  i n  d isposal  costs.  Design and opera t i on  costs  
a re  r a i s e d  from $188 m i l l i o n  t o  $195 m i l l i o n ,  t o t a l  d isposal  costs  r a i s e d  from 
$226 m i l l i o n  t o  $233 m i l l i o n ,  and u n i t  cos ts  r a i s e d  from $231/m3 t o  $238/m3. 
Since the  use o f  t he  sand b a c k f i l l  i s  n o t  b e l i e v e d  t o  m a t e r i a l l y  increase t h e  
s t a b i l i t y  o f  t h e  d isposal  f a c i l i t y ,  long-term care cos ts  are s t i l l  p r o j e c t e d  
t o  be a t  a h igh  l e v e l .  Energy use i s  a l s o  r a i s e d  somewhat. 

5.2.4.2 Case 4 - O p e r a t i o n a l l y  Improved Case 

Case 4 examines the  cos ts  and impacts associated w i t h  a range 0.f moderate f a c i l i t y  
ope ra t i ona l  changes which a r e  in tended t o  improve s i t e  s t a b i l i t y  and reduce 
p e r c o l a t i o n .  The waste form i s  assumed t o  be unchanged from Cases 1-3. The 
f i v e  subcases o f  Case 4 a re  summarized i n  Table 5.8. R e l a t i v e  t o  the  reference 
f a c i l i t y  i n  Case lA, t h e  f o l l o w i n g  opera t i ona l  changes a re  made i n  each of t he  
5 subcases o f  Case 4:' 

Case 4A. I n  t h i s  case, e a s i l y  compressible waste streams as w e l l  as waste 
streams c o n t a i n i n g  s i g n i f i c a n t  q u a n t i t i e s  o f  c h e l a t i n g  agents a re  assumed 
t o  be disposed i n  a segregated manner (e.g., separate d isposal  trenches) 
f r o m  o the r  waste streams. 

Case 46. I n  a d d i t i o n  t o  segregat ion o f  t h e  compressible waste streams 
and waste streams c o n t a i n i n g  c h e l a t i n g  agents, t h e  d isposal  t r e n c h  covers 
c o n t a i n i n g  unstable waste streams a re  assumed t o  be subjected t o  improved 
compaction techniques. 

Case 4C. This  case i s  s i m i l a r  t o  Case 45 except t h a t  improved d isposal  
t rench  covers a re  assumed t o  be emplaced, which a r e  a l s o  subjected t o  
improved compaction techniques. 
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Table 5.7 	 Comparison of Other Impacts
Associated with Case 1A 

~~~~ 

Short-term population exposures: (man-mrem)
Processing at waste generator -
Processing at regional processing center 0 
Waste transportation 5.10E+5 

Short-term occupational exposures: (man-mrem)
Processing at waste generator -
Processing at regional processing center 0 
Waste transportation 5.82E+6 
Waste disposal 2.46E+6 

Waste generation and transport costs: ($) -Processing at waste generator

Processing at regional processing center 0 

Waste transportation 2.05E+8 


Disposal costs: ($1

Design and operation 1.95E+8 

Postoperational 3.82E+7 

Total 2.33E+8 
Unit ($/m3) 238 

Energy use: (gal) +2.00E+5 

Land use: (m2) 3.40E+5 

Waste volume disposed: (m3>

Regular:

Chemical-stable 9.26E+3 
Chemical-unstable 1.15E+5 
No Chemical-stab1e 2.22E+5 
No Chemical-unstable 5.34E+5 

Total 8.81E+5 
Layered: 
Chemical-stable 9.62E+2 
Chemical-unstable 1.87E+3 
No Chemical-stable 3.70E+2 
No Chemical-unstable 9.59E+4 

Total 9.91E+4 
Hot Waste Facility: 0 
Total Disposed 9.80E+5 

Total not acceptable: (m3) 1.94E+4 
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Table 5.8 F i ve  Subcases o f  Case 4 

Case 4A - O p e r a t i o n a l l y  Improved Case: Segregation 

o Regular SLB t rench  
o Waste spectrum 1 
o SLB w i t h  a t h i n  cap 
o Segregation o f  wastes c o n t a i n i n g  chelates 
Q Segregation o f  compressible wastes 
o Random disposal  o f  waste w i t h  a sand b a c k f i l l  
o Layer ing used as an i n t r u d e r  b a r r i e r  

Case 4B - O p e r a t i o n a l l y  Improved Case: Segregation p l u s  Compaction 

o Regular SLB t r e n c h  
o Waste spectrum 1 
o SLB w i t h  a t h i n  cap 
Q 	 Compaction us ing  improved methods 

Segregation o f  wastes c o n t a i n i n g  chelates 
o Segregation o f  compressiblle wastes 
0 Random disposal  o f  waste w i t h  a sand b a c k f i l l  
o Layer ing used as an i n t r u d e r  b a r r i e r  

Case 4C - O p e r a t i o n a l l y  Improved Case: Segregation, Compaction, and Improved Covers 

o Regular SLB t rench  
o Waste spectrum 1 
o SLB w i t h  a t h i c k e r  c l a y  cap 
o Compaction us ing  improved methods 
o Segregation o f  wastes c o n t a i n i n g  chelates 
o Segregation o f  compressible wastes 
o Random disposal  o f  waste w i t h  a sand b a c k f i l l  
o Layer ing used as an i n t r u d e r  b a r r i e r  

Case 4D -	 O p e r a t i o n a l l y  Improved Case: Segregation, Compaction, Improved Covers, 
Stacked Disposal 

o Regular SLB t rench  
o Waste spectrum 1SLB w i t h  a t h i c k e r  c l a y  cap 
o Compaction us ing  improved methods 
o Segregation o f  wastes c o n t a i n i n g  chelates 
o Segregation o f  compressible wastes 
o Stacked d isposal  o f  waste w i t h  a sand b a c k f i l l  
o Layer ing used as an i n t r u d e r  b a r r i e r  

Case 4E - O p e r a t i o n a l l y  Improved Case: H o t  Waste F a c i l i t y  

o Regular SLB t rench  
o Waste spectrum 1 
o SLB w i t h  a t h i c k e r  c l a y  cap 
o Compaction us ing  improved methods 
o Segregation o f  wastes c o n t a i n i n g  chelates 
o Segregation o f  compressible wastes 
o Stacked d isposal  o f  waste w i t h  a sand b a c k f i l l  
o H o t  waste f a c i l i t y  f o r  problemat ica l  wastes 
o Layer ing used as an i n t r u d e r  b a r r i e r  f o r  o the r  wastes. 
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Case 4D. This  case i s  s i m i l a r  t o  Case 4C except t h a t  i ns tead  o f  random 
d isposa l ,  t h e  waste i s  assumed t o  be stacked i n  the  d isposal  c e l l s .  

Case 4E. This  case i s  i nc luded  t o  i n v e s t i g a t e  the  cos ts  and impacts o f  
a d d i t i o n  of a " h o t  waste f a c i l i t y "  t o  dispose o f  some h i g h  a c t i v i t y  waste 
streams which would otherwise be excluded f r o m  near-surface d isposal .  I n  
t h i s  case, t h e  h o t  waste f a c i l i t y  i s  assumed t o  be a cement wa l l ed  t rench. 
Except f o r  t h e  assumed a d d i t i o n  o f  t h e  h o t  waste f a c i l i t y ,  t h i s  case i s  
i d e n t i c a l  t o  Case 4D. 

Ground-Water Impacts 

Est imated maximum ground-water impacts a t  each o f  t h e  access l o c a t i o n s  
considered f o r  each o f  t he  5 subcases o f  Case 4 a re  summarized i n  Table 5.9. 
As shown, f o r  each improvement i n  d isposal  f a c i l i t y  design and operat ion,  
g e n e r a l l y  reduced ground-water impacts are observed. Over Cases 4A through 
4D, whole body exposures drop from 0.8 mrem/yr t o  0.02 mrem/yr a t  t h e  i n t r u d e r  
w e l l ,  f rom 4 mrem/yr t o  0.07 mrem/yr a t  t h e  boundary w e l l ,  f rom 0.05 mrem/yr 
t o  0.005 mrem/yr a t  t he  p o p u l a t i o n  w e l l ,  and from 0,002 mrem/yr t o  2. E-4 mrem/yr 
a t  t h e  sur face water access l o c a t i o n .  S i m i l a r l y ,  t h y r o i d  exposures drop from 
80.5 mrem/yr t o  8.3 mrem/yr a t  t h e  i n t r u d e r  and boundary w e l l s ,  from 25.4 mrem/yr 
t o  2.6 mrem/yr a t  t h e  p o p u l a t i o n  w e l l  , and f r o m  1.2 mrem/yr t o  0 . 1  mrem/yr a t  
t h e  sur face water access l o c a t i o n .  

R e l a t i v e  t o  Case l A ,  l o w e r  exposures are c a l c u l a t e d  f o r  Case 4A f o r  t h e  i n t r u d e r  
and boundary w e l l s ,  r e s u l t i n g  from segregat ion o f  t h e  s t a b l e  waste streams from 
t h e  unstable waste streams and waste streams c o n t a i n i n g  organic  chemicals o r  
c h e l a t i n g  agents. Lower exposures ( than Case 1A)  are a l s o  observed a t  t he  o the r  
two access l o c a t i o n s :  t h e  p o p u l a t i o n  w e l l  and t h e  sur face stream. 

I n  Cases 1-3 and l A ,  s i nce  a l l  waste streams a r e  mixed toge the r  d u r i n g  d i sposa l ,  
a l l  streams experience h igh  ( t w i c e  n a t u r a l  p e r c o l a t i o n )  p e r c o l a t i o n  ra tes .  
Leaching o f  a l l  s o l i d i f i e d  waste forms i s  enhanced by t h e  presence o f  organic  
chemicals and c h e l a t i n g  agents and t h e  r e t a r d a t i o n  c o e f f i c i e n t s  o f  t h e  m i g r a t i n g  
rad ionuc l i des  a re  reduced (e.g., from NRET = 3 t o  NRET = 2, see Appendix G).  
I n  Case 4A, however, t h e  s t a b l e  waste streams are segregated from unstable 
streams and wastes c o n t a i n i n g  s i g n i f i c a n t  q u a n t i t i e s  o f  c h e l a t i n g  agents and 
organic  chemicals a re  a l s o  disposed i n  a segregated manner. I n  t h i s  case, s ince 
t h e  d isposal  c e l l s  c o n t a i n i n g  t h e  s t a b l e  waste streams would n o t  experience 
s i g n i f i c a n t  subsidence problems, p e r c o l a t i o n  i n t o  these d isposal  c e l l s  i s  
reduced ( t o  t h e  n a t u r a l  p e r c o l a t i o n  o f  t h e  d isposal  f a c i l i t y  s i t e ) .  The 
d isposal  c e l l s  c o n t a i n i n g  the  compressible waste streams, however, s t i l l  
experience the  h ighe r  ( t w i c e  n a t u r a l  p e r c o l a t i o n )  p e r c o l a t i o n  r a t e s .  S i m i l a r l y ,  
t h e  increased leach ing  o f  s o l i d i f i e d  wastes and reduced ion-exchange capac i t y  
(reduced r e t a r d a t i o n )  i s  a p p l i e d  o n l y  t o  t h e  segregated waste streams i n  t h e  
d isposal  c e l l s  c o n t a i n i n g  s i g n i f i c a n t  q u a n t i t i e s  o f  c h e l a t i n g  agents and organic  
chemical s. 

It should be noted t h a t  about 76% o f  t h e  wastes i n  waste spectrum 1are  i n  an 
unstable waste f o r m ,  i n c l u d i n g  h ighe r  a c t i v i t y  waste streams such as LWR i o n  
exchange r e s i n s  ( P - I X R E S I N S  and B- IXRESINS)  and i n d u s t r i a l  rad io i so tope  
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Table 5.9 Est imated Maximum Rad io log i ca l  Ground-Water 
Impacts f o r  Cases 4A Through 4E. 

( rn redy r  

Cases Body Bone L i v e r  Thy ro id  Kidney Lung G I  


(4A)

I n t r u d e r  7.719E-1 2.931E-1 7.719E-1 8.051E+l 7.719E-1 7.719E-1 7.719E-1 


We11 (100) (6,000) (100) (4,000) ( m o  1 (100) (100) 
Boundary 3.985E+0 2.929E-1 3.985E+0 8.051E+1 3 .985~90  3.985E+O 3.985E+0 

We1 1 (70) (6,000) (70) (4,000) (70) (70) (70) 
Popul a t i o n  4.617E-2 6.805E-2 2.401E-2 2.544E+l 4.091E-2 1.369E-2 3.084E- 2 

We1 1 (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) (10 J 000) 
Sur face 2.087E- 3 3.028E- 3 1.077E-3 1.160E+O 1.844E-3 6.068E-4 1.380E-3 

Water (10,000) (10,000) (10,000) (10,000) (10,000) (10 9 000) (10,000) 

(4B)

In truder 7.654E-1 1.661E-1 7.654E-1 4.541E+1 7.654E-1 7.654E-1 7.654E-1 


We1 1 (100) (6,000) (100) (4 9 000) (100) (100) (100) 
Boundary 3.952E+0 1.660E-1 3.952E+0 4.541E+1 3.952E+O 3.952E+0 3.952E+0 

We1 1 (70) (6,000) (70) (4,000) (70) (70) (70) 
Popul a t i  on 2.607E-2 3.855E-2 1.358E-2 1.435E+1 2.310E-2 7.756E-3 1.743E-2 

We1 1 (10,000) (10,000) (10,000) (6,000) (10,000) (l0,OOO) (10,000) 
Sur face 

Water (10,000) (10,000) (10 > 000) (10 y 000) (10,000) ( l o  000) (10 9 000) 

(4C)
I n t r u d e r  2.487E-2 4.517E-2 2.156E-2 1.238E+1 2.235E- 2 2.156E-2 2.156E- 2 

We1 1 
Boundary 

(6,000)
1.113E- 1 

(6,000)
4.503E-2 

(100)
1.113E-1 

(4,000)
i . 2 3 a ~ + i  

(6,000)
1.113E-1 

( 1 Q O )
1.113E-1 

(100)
1.113E-1 

We11 
Popu la t ion  

(70)
7.096E-3 

(6,000)
1.045E-2 

(70)
3.690E-3 

(4,0001
3.911E+O 

(70)
6.287E-3 

(70)
2.103E-3 

(701
4.739E-3 

Surface 3.147E-4 4.347E-4 1.594E-4 1.783E-1 2.773E-4 8.713E-5 1.060E-4 
Water (10,000) (10,000) (10,000) (10 ,000) (10,000) (10,000) (10,000) 

(40)
I n t r u d e r  

We1 1 
Boundary 

1.643E-2 
(6,000)
7.420E-2 

2.933E-2 
(6 Y 000)
2.923E-2 

1.437E-2 
( m o  1 
7.420E-2 

8.252E+0 
(4,000)
8.252E+O 

1.474E- 2 
(6,000)
7.420E-2 

1.437E-2 
(100)
7.420E-2 

1.437E-2 
( m o  1 
7.420E-2 

1.179E-3 1.715E-3 6 088E-4 6.540E-1 1.041E- 3 3.437E-4 7.796E-4 

We11 (10,000) (10,000) (10,000) (6,000) (10,000) (10,000) ~10,000) 

We11 (70) (6,000) (70) (6,0001 (70) (70) (70) 
Popu la t ion  4.697E-3 6.799E-3 2.426E-3 2.607E+O 4.157E-3 1.368E-3 3.126E-3 

We11 (10,000) (10,000) (lO,OOO> (10,000) (10 000) (10,000) (10,000) 
Surface 2 a 084E-4 2.829E-4 1.049E-4 1.188E-1 1.835E-4 5.671E- 5 1.359E-4 

Water (10y 000) (10,000) (10,000) (6,0001 (10,000) (10,000) (10 9 000) 
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Table 5.9 (cont inued) 

(mrem/yr> 
~~ ~~~~~ 

Cases Body Bone L i v e r  Thyro id  K i  dney Lung G I  

(4E) 
I n t r u d e r  1.645E-2 2.947E-2 1.437E-2 1.477E-2 1.437E-2 1.437E-2 

We11 
Boundary 

(6,000)
7.420E-2 

(6,000)
2.937E-2 

(100)
7.420E-2 

(6,000)
7.420E- 2 

(1001 
7.420E-2 

(100)
7.42OE-2 

We1 1 
Popul a t i  on 

(70)
4.703E-3 

(6,000)
6.829E- 3 

(70)
2.432E-3 

(701
4.163E-3 

(70)
1.374E-3 

(70) 
3.132E-3 

We1 1 (10,000) (10,000) (10 ,000) (10 000) (10 ,000) (10,000) 
Surface 2.087E-4 2.841E-4 1.051E-4 1.837E-4 5.695E-5 1.362E-4 

Water (10,000) (10,000) (10,000) (10 000) (10,000) (10 ,000 

p roduc t i on  wastes (N- ISOPROD).  Therefore,  t h e  e f fec t i veness  o f  segregated 
d isposal  o f  s t a b l e  waste streams i s  n o t  as s i g n i f i c a n t  as i t  would be i f  t h e  
h igher  a c t i v i t y  waste streams were s t a b i l i z e d .  Th is  i s  e s p e c i a l l y  observed i n  
t h e  t h y r o i d  exposures, which a re  p r i n c i p a l l y  t h e  r e s u l t  o f  iodine-129. I n  t h e  
waste source da ta  base used i n  t h i s  E I S ,  most o f  t h e  iodine-129 i s  est imated 
t o  be conta ined i n  t h e  7 LWR process waste streams (P- IXRESIN,  P-FSLUDGE, 
P-CONCLIQ, P-FCARTRG, B- IXRESIN,  5-CQNCLIQ, 5-FSLUDGE). O f  these, on l y  t h e  
P-CONCLIQ and 6-CONCLIQ waste streams are  i n  a s t a b l e  form i n  waste spectrum 1 

In Case 46, t h e  covers o f  t h e  d isposal  c e l l s  con ta in ing  t h e  segrega'ted compressible 
waste streams a re  subjected t o  improved compaction us ing  heavy machinery such 
as a v i b r a t o r y  compactor. Th is  i s  an inexpensive a d d i t i o n a l  opera t iona l  s tep 
and r e s u l t s  i n  an est imated reduc t i on  o f  m i g r a t i o n  from t h e  uns tab le  c e l l s  by 
a f a c t o r  o f  about 2. Th is  r e s u l t s  i n  a minor reduc t i on  i n  whole body exposures 
and a more s i g n i f i c a n t  reduc t i on  (by a f a c t o r  o f  about 2) o f  t h y r o i d  exposures 
a t  t h e  i n t r u d e r  and boundary we l l s .  Th is  i s  because most o f  t h e  boundary w e l l  
whole body dose i s  due t o  t r i t i u m ,  and most o f  t h e  t r i t i u m  d e l i v e r e d  t o  t h e  
re fe rence d isposal  f a c i l i t y  i s  conta ined i n  two r e l a t i v e l y  smal l  volume waste 
streams (N-TRITIUM and N-TARGETS). These streams are  a l ready  assumed t o  be 
s tab le ,  and because s t a b l e  waste streams are  segregated and d isposal  c e l l s  
con ta in ing  s t a b l e  waste streams a re  n o t  subjected i n  Case 48 t o  t h e  improved 
compaction, t h e r e  i s  no reduc t i on  ( r e l a t i v e  t o  Case 4A) i n  p e r c o l a t i o n  i n t o  
t h e  d isposal  c e l l s .  Th is  e f f e c t  i s  n o t  seen a t  t h e  o the r  two access l o c a t i o n s  
due t o  t h e  ex tens ive  decay o f  t h e  t r i t i u m  before  t h e  contaminated ground water  
reaches t h e  o the r  two access l o c a t i o n s  (The ground-water t r a v e l  t imes between 
t h e  boundary w e l l  and t h e  o t h e r  two access l o c a t i o n s  a re  334 years f o r  t h e  
popu la t i on  w e l l  and 734 years f o r  t h e  sur face water.)  

However, s ince  most o f  t h e  iodine-129 i s  conta ined i n  uns tab le  waste streams, 
compacting t h e  d isposal  c e l l s  con ta in ing  t h e  uns tab le  waste streams r e s u l t s  i n  
a more s i g n i f i c a n t  reduc t i on  i n  t h y r o i d  dose a t  t h e  i n t r u d e r  and boundary wells. 
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Since iodine-129 has a very l ong  h a l f  l i f e ,  a s i m i l a r  r e l a t i v e  reduc t i on  i n  
t h y r o i d  dose r e l a t i v e  t o  Case 4A i s  seen f o r  t h e  p o p u l a t i o n  w e l l  and t h e  sur face 
water. 

I n  Case 4C, a d d i t i o n a l  c l a y  s o i l  i s  assumed t o  be t ranspor ted  t o  t he  d isposal  
f a c i l i t y  from an o f f s i t e  borrow area. This  c l a y  s o i l  i s  emplaced and compacted 
i n  r e l a t i v e l y  t h i n  (8 t o  12 inch)  l a y e r s  over t h e  d isposal  c e l l s  c o n t a i n i n g  
t h e  unstable waste streams, r a i s i n g  t h e  th ickness o f  t h e  d isposal  c e l l  covers 
by two meters. The same th ickness o f  compacted c l a y  s o i l  i s  p laced over t h e  
d isposal  c e l l s  c o n t a i n i n g  the  s t a b l e  waste streams. As a r e s u l t ,  d u r i n g  t h e  
100 year a c t i v e  in s t i  t u t i o n a l  c o n t r o l  p e r i o d  , perco l  a t i o n  in t o  t h e  d i  sposal 
c e l l s  c o n t a i n i n g  the segregated s t a b l e  waste streams i s  assumed t o  be reduced 
t o  30 mm, w h i l e  t h e  p e r c o l a t i o n  i n t o  t h e  d isposal  c e l l s  c o n t a i n i n g  t h e  
compressible waste streams i s  reduced t o  60 mm. Compared t o  Case 45, then, 
o v e r a l l  p e r c o l a t i o n  i n t o  the  d isposal  c e l l s  i s  reduced by a f a c t o r  o f  about 6. 
However, a t  t h e  end o f  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  pe r iod ,  a breakdown i n  
i n s t i t u t i o n a l  c o n t r o l s  i s  assumed t o  occur. A t  t h i s  p o i n t ,  due t o  i n t r u s i o n  
by humans, the p e r c o l a t i o n  i n t o  10% o f  t h e  d isposal  c e l l s  i s  increased t o  
180 mm ( t h e  n a t u r a l  p e r c o l a t i o n  o f  t he  s i t e ) .  The remainder o f  t h e  d isposal  
c e l l s ,  due t o  i n t r u s i o n  by deep-rooted p l a n t s  and burrowing animals, experience 
a general increase i n  p e r c o l a t i o n  o f  t w i c e  t h e  former value ( i . e . *  60 mm f o r  
t he  s t a b l e  waste d isposal  c e l l s  and 120 mm f o r  t h e  unstable waste d isposal  
c e l l s ) .  

The e f f e c t s  o f  t h i s  case a re  most seen i n  the  boundary w e l l  exposures f o r  t h e  
whole body and o t h e r  organs (except t h y r o i d ) .  I n  t h e  c a l c u l a t i o n s ,  t h e  perco la
t i o n  r a t e  i s  squared (See Appendix G), and a r e d u c t i o n  i n  the  p e r c o l a t i o n  by a 
f a c t o r  o f  6 i n t o  t h e  d isposal  c e l l s  c o n t a i n i n g  t h e  s t a b l e  waste streams r e s u l t s  
i n  an est imated r e d u c t i o n  i n  t r i t i u m  m i g r a t i o n  f r o m  t h e  s t a b l e  disposal  c e l l s  
by a f a c t o r  o f  36. Hence, whole body exposures due t o  t r i t i u m  a t  t h e  i n t r u d e r  
and boundary w e l l s  a re  reduced by a f a c t o r  o f  about 36. Consider ing t h a t  t h e  
f u l l  e f f e c t i v e n e s s  o f  t h e  a d d i t i o n a l  compacted cover i s  on l y  assumed f o r  100 
years, t h i s  would appear t o  i n d i c a t e  t h a t  i t  o n l y  r e q u i r e s  a r e l a t i v e l y  s h o r t  
hold-up o f  l a r g e  q u a n t i t i e s  o f  t r i t i u m  t o  considerably  reduce p o t e n t i a l  
boundary w e l l  exposures. 

The r e d u c t i o n  i n  impacts f o r  whole body and o the r  organs r e l a t i v e  t o  Case 45 
i s  l e s s  s i g n i f i c a n t  f o r  t h e  o the r  t w o  access l o c a t i o n s .  This  i s  again due t o  
decay o f  t h e  t r i t i u m  w h i l e  be ing c a r r i e d  by ground water. Exposures a t  t he  
p o p u l a t i o n  w e l l  and sur face water access l o c a t i o n  are dominated by releases 
from t h e  disposed unstable waste streams. As expected, s ince the  waste streams 
c o n t a i n i n g  most o f  t h e  iodine-129 are s t i l l  i n  an unstable form, t h y r o i d  expo
sures a re  reduced a t  each b i o t a  access l o c a t i o n  by about a f a c t o r  o f  somewhat 
l e s s  than 4. I n  t h i s  case, t h y r o i d  exposures a t  t h e  i n t r u d e r  and boundary w e l l s  
and exposures t o  a l l  organs a t  t he  o the r  two access l o c a t i o n s  a re  dominated by 
t h e  increased p e r c o l a t i o n  r a t e s  experienced a f t e r  t he  end o f  t h e  a c t i v e  i n s t i t u 
t i o n a l  c o n t r o l  per iod.  

Case 4D i s  s i m i l a r  t o  Case 4C w i t h  t h e  except ion t h a t  i n s t e a d  o f  random disposal ,  
t h e  waste con ta ine rs  a re  assumed t o  be n e a t l y  stacked i n t o  the  d isposal  c e l l s .  
Disposal  e f f i c i e n c y  i s  assumed t o  be increased by a f a c t o r  o f  1 . 5  f r o m  0.5 t o  
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0.75. I n  t h e  c a l c u l a t i o n s ,  t h e  t o t a l  volume o f  water p e r c o l a t i n g  i n t o  t h e  d isposal  
c e l l s  i s  g iven  by t h e  p e r c o l a t i o n  r a t e  m u l t i p l i e d  by t h e  sur face  area o f  t h e  
d isposal  c e l l s .  I nc reas ing  t h e  d isposal  e f f i c i e n c y  by a f a c t o r  o f  1.5 reduces 
t h e  sur face  area o f  t h e  disposed waste by a f a c t o r  o f  1.5. Th is  r e s u l t s  i n  a 
c a l c u l a t e d  reduc t i on  i n  exposures a t  t h e  3 access l o c a t i o n s  by a f a c t o r  o f  1.5, 
as shown i n  Table 5.9. 

As a r e s u l t  o f  t h e  increased d isposal  e f f i c i e n c y ,  p o t e n t i a l  i n t r u d e r  impacts 
a re  a l s o  increased by a f a c t o r  o f  1.5. Th is  r e s u l t s  i n  one smal l  volume 
(800 m3 over 20 years)  waste stream, L-NFRCOMP, be ing  l i s t e d  as unacceptable 
i n  Case 4D. Therefore,  Case 4E i n v e s t i g a t e s  use o f  a "ho t  waste f a c i l i t y "  f o r  
t h i s  waste stream. For t h i s  ana lys is ,  t h e  h o t  waste f a c i l i t y  i s  assumed t o  be 
a g rou ted  cement wa l l ed  t rench.  As can be seen i n  Table 5.9 o n l y  a minor increase 
i n  ground-water impacts a re  c a l c u l a t e d  from d isposal  o f  t h i s  waste stream w i t h i n  
a h o t  waste f a c i l i t y .  

Other Impacts 

Other impacts f o r  these cases a re  summarized i n  Table 5.10. Since waste spectrum 
one i s  used f o r  t h e  5 subcases o f  Case 4, t h e r e  i s  seen i n  Table 5.9 t o  be no 
change from t h e  p r e v i o u s l y  c a l c u l a t e d  values f o r  severa l  o f  t h e  impact measures. 
These inc lude  popu la t i on  exposures f o r  waste process ing and t r a n s p o r t a t i o n ,  
occupat ional  exposures due t o  waste process ing,  and cos ts  due t o  waste process ing 
and waste t ranspor ta t i on .  Other impacts and costs ,  however, a re  somewhat a l t e r e d .  

One example i s  occupat ional  exposures. Waste t r a n s p o r t a t i o n  occupat ional  exposures 
a re  t h e  same i n  a l l  subcases t o  those est imated f o r  Cases 1-3 w i t h  t h e  except ion 
o f  Case 4D. I n  t h i s  case, t h e  waste i s  assumed t o  be stacked i n  t h e  d isposal  
c e l l s .  Th is  . r e s u l t s  i n  s l i g h t l y  h igher  i n t r u d e r  impacts, s u f f i c i e n t  t o  make 
one stream, L-NFRCOMP, l i s t e d  as unacceptable. Th is  reduc t i on  i n  800 m3 o f  
waste d e l i v e r e d  t o  t h e  s i t e  r e s u l t s  i n  lower  t r a n s p o r t a t i o n  occupat ional  exposures 
f o r  t h i s  case. 

Disposal  f a c i l i t y  occupat ional  exposures a re  c a l c u l a t e d  t o  be approximately 
2.46 m i l l i o n  man-mi l l i rem f o r  Cases 4A through 4C, which i s  t h e  same as t h a t  
c a l c u l a t e d  f o r  Cases 1through 3, b u t  r i s e  t o  5.21 m i l l i o n  man-mi l l i rem f o r  
Cases 40 and 5.27 m i l l i o n  man-mi l l i rem f o r  Case 4E. The values c a l c u l a t e d  f o r  
Case 4A a r i s e  f rom t h e  expec ta t ion  t h a t  waste segregat ion i s  n o t  expected t o  
r e s u l t  i n  s i g n i f i c a n t  a d d i t i o n a l  occupat ional  exposures. Waste t h a t  would be 
contact -handled would s t i l l  be contact-handled, w h i l e  waste such as h i g h  
a c t i v i t y  r e s i n s  t h a t  must be h o i s t e d  i n t o  p lace  would s t i l l  be handled i n  t h e  
same manner. The main d i f f e r e n c e  i s  t h a t  t h e  d isposal  f a c i l i t y  would operate 
two o r  more d isposal  c e l l s  i ns tead  o f  one and t h e r e  would have t o  be an addi
t i o n a l  de termina t ion  a t  t h e  t ime o f  waste r e c e i p t  and inspec t i on  regard ing  t h e  
d isposa l  s ta tus  o f  t h e  d i f f e r e n t  waste forms. Th is  determinat ion,  however, 
would n o t  have t o  be performed i n  a r a d i a t i o n  f i e l d .  Add i t i ona l  exposures cou ld  
r e s u l t  f rom t h e  probable increased waste s torage requirements,  b u t  most wastes 
thus  s t o r e d  would p robab ly  be o f  lower  a c t i v i t y .  
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Table 5.10 Other Impacts Associated Wi th  Cases 4A Through 4E 

Impacts Case 4A Case 4B Case 4C Case 4D Case 4E 

Short- term popu la t i on  
exposures: (man-mrem) 

-generator 
Processi  ng a t  reg iona l  

process ing center  0 0 0 0 0 
Waste t r a n s p o r t a t i o n  5.10E+5 5.10E+5 5.10E+5 4.94E+5 5.10E+5 

Processing a t  waste 

Short- term occupat ional  
exposures: (man-mrem) 

Processing a t  waste -generator 
Processing a t  reg iona l  

process ing center  0 0 0 0 0 
Waste t r a n s p o r t a t i o n  5.82E+6 5.82E+6 5.82E+6 5.74E+6 5.82E+6 
Waste d isposal  2.46E+6 2.46E+6 2.46E+6 5.21E+6 §.27E+6 

Waste generat ion and 
t r a n s p o r t  costs :  ($) 

-generator  
Processing a t  reg iona l  

process ing center  0 0 0 0 0 
Waste t r a n s p o r t a t i o n  2.05E+8 2.05E+8 2.05E+8 2.01E+8 2.05E+8 

Processing a t  waste 

Disposal  costs :  ($) 
Design and Operat ional  2.01E+8 2.01E+8* 2.10E+8 2.22E+8 *2.25E+8 

* * * * * Tota l :  
U n i t  ($/m3) 223-244 223-244 233-253 245-266 248-258 

Energy use: ( g a l )  +3.00E+5 +3.00E+5 - 4.00E+5 -2.00E+5 

Land Use: 3.40E+5 

Postoperat ional :  A * A 

Waste volume 
disposed: (m3) 

Regular: 
Chemical-stable 1.02E+4 
Chemical-unstable 1.15E+5 
No chemical -s tab le 2.23E+5 
No chemical-unstable 5.34E+5 

T o t a l  8.82E+5 8.82E+5 8.82E+5 8.82E+5 8.82E+5 
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Table 5.10 (Continued) 


Impacts Case 4A Case 48 Case 4C Case 4D Case 4E 

Layered: 
Chemical-stab1e 0 0 0 0 0 
Chemical-unstable 1.87E+3 1.87E+3 1.87E+3 1.87E+3 1.87E+3 
No chemical-stable 0 0 0 0 0 
No chemical-unstable 9.59E+4 9.59E+4 9.59E+4 9.51E+4 9.51E+4 

Total 9.77E+4 9.77E+4 9.77E+4 9.70E+4 9.70E+4 
Hot waste facility: 0 0 0 0 0 
Total disposed: 9.80E+5 9.80E+5 9.80E+5 9.79E+5 9.80E+5 


Total volume not 
acceptable: (m3) 

"Postoperational (closure and long-term care) costs are estimated to range from 
approximately $18.1 million to $38.2 million. In general, the higher end of the 
range would be associated with Case 4A and the lower end of range would be asso
ciated with Cases 4D and 4E. Total costs are therefore estimated to range as 
follows: 

4A 4B 4c 4D 4E 

2.19-2.39E+8 2.19-2.39E+8 2.28-2.48E+8 2.40-2.60E+8 2.43-2.63E+8 


The additional operational steps for Cases 4B and 4C, which involve improved

compaction for the former case and thicker disposal cell covers for the latter, 

are also not expected to result in significant additional exposures. For these 

cases, additional time would be spent on top of the disposal cells while installing

the disposal cell covers. However, the disposal cell covers would provide con

siderable shielding (e.g., by a factor of about 1200 for every meter of soil)

and any additional exposures would be small. 


As shown for Cases 4D and 4E, however, a site operational procedure in which 
all waste containers are neatly stacked would be expected to increase occupa
tional exposures by a factor of somewhat greater than 2. This may be an over
estimate, however. At currently operating disposal facilities, a mixture of 
random and stacked disposal is generally used. High surface activity wastes 
and boxed low activity wastes are generally stacked (or otherwise emplaced in 
a neat manner using cranes or forklifts) while drummed low activity waste is 
generally disposed randomly. Additional stacking procedures would generally
involve the lower activity waste streams. If waste segregation were not imple
mented, then the increased time spent in a high radiation environment would be 
expected to increase exposures. However, if the higher activity waste streams 
were disposed segregated from the low activity streams (most of the compressible 
wastes are trash and other low activity streams), then the radiation environment 
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while stacking the lower ac t iv i ty  wastes would probably be lower. The resul t ing 
exposures would also be lower. 

As expected, operation of the hot waste f a c i l i t y  ( t o  dispose of the L-NFRCOMP 
stream) resu l t s  in a somewhat increased volume of waste delivered t o  the disposal 
f a c i l i t y  and to ta l  operational exposures would be somewhat higher than f o r  Case 4D. 
However, t o t a l  occupational exposures would be lower than i f  the wastes were 
disposed w i t h  the  remainder of the waste streams. 

Disposal costs i l l u s t r a t e  the f a c t  t h a t  increased costs  for  improved f a c i l i t y  
design and operations would be expected t o  reduce long-term care costs.  Compared 
w i t h  Case 1-3 ($188 mill ion),  Cases 4A through 45 i l l u s t r a t e  increasing costs 
as additional work i s  performed onsi te .  Additional costs  for  segregation (Case 4A) 
are  associated w i t h  the assumed construction of a waste storage area,  aquisit ion 
of an additional onsi te  transport  vehicle and hiring of additional personnel. 

, additional costs involve aquisit ion and use of a vibratory compactor. 
Add i t ion  o f  an mproved cover (Case 4C) i s  estimated t o  be reasonably expensive
(an additional 9 million over 20 years). T h i s  was calculated from the assump
t ion tha t  a h i g h  grade of clayey so i l  had t o  be transported t o  the disposal 
f a c i l i t y  from several miles distance. Of course, i f  such so i l  were available 
nearer t o  the f a c i l i t y  (e.g. an onsi te  borrow area) the costs  would be 
considerably reduced. Similarly,  additional costs a re  associated w i t h  waste 
stacking (Case 4D). As can be seen, operation o f  a h o t  waste f a c i l i t y  would 
be expensive--i.e, an additional $3 million t o  dispose of only 800 m3 s f  waste. 

-term care costs a re  d i f f i c u l t  t o  estimate and have not been broken o u t  i n  
as detai led a manner as  the costs associated w i t h  operational variables.  I t  
i s  d i f f i c u l t  t o  precisely judge or' t o  exactly quantify how much a given f a c i l i t y  
design and operation a l te rna t ive  would be expected t o  reduce long-term care 
costs.  For t h i s  E I S ,  long-term care costs have been broken out into three levels: 
high, moderate, -and low. Cases 4A through 4E have been judged t o  involve a 
range of costs from moderate t o  high--i.e.,  from $18.1 million t o  $38.2 million. 

Case 4A 	 i s  estimated t o  involve long-term care costs  toward the higher end o f  
e ,  b u t  would nonetheless be expected t o  be less  than those fo r  Case 1. 
because 75% o f  the waste disposed a t  the f a c i l i t y  (7.47E+5 m3) i s  i n  

an unstable form, and segregation of unstable waste streams from s tab le  waste 
streams would reduce overall long-term maintenance requirements. Instead of 
a l l  disposal trenches undergoing severe ubsidence, only about 75% would 
experience such subsidence. Cases 4D an 4E are  estimated t o  involve long-term 
costs toward the lower end sf the range. (The addition of a hot waste f a c i l i t y  
for  small volumes of waste would be expected t o  have l i t t l e  t o  no e f f ec t  on 
long-term care cos ts . )  Cases 433 and 4C would involve lon -term care costs between 
the two ends o f  the range. 

Total costs  (design and operational costs plus long-term care costs) are  a lso 
shown i n  Table 5.10, along w i t h  u n i t  costs  ( to ta l  costs  divided by the to ta l  
volume o f  waste disposed). These a re  a l so  presented as a range in costs.  

The remaining impact measures a re  to t a l  l a n d  use and energy use, where the energy 
value l i s t e d  i s  t h e  incremental sum of the to t a l  gallons of  fuel fo r  waste 
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t r a n s p o r t  and d isposal  as w e l l  as f o r  long-term care. For Cases 4A and 4B t h e  
t o t a l  incremental  energy use over 20 years i s  c a l c u l a t e d  t o  be 300,000 gal lons.  
(Case 4B would a c t u a l l y  be expected t o  i n v o l v e  s l i g h t l y  h ighe r  energy consump
t i o n  than Case 4A, b u t  t he  d i f f e r e n c e  i s  t o o  small  t o  be i l l u s t r a t e d . )  For 
i l l u s t r a t i o n  purposes, incremental  energy use f o r  Cases 4A and 4B was c a l c u l a t e d  
under an assumption o f  a h i g h  l e v e l  o f  long-term care w h i l e  incremental  energy 
use f o r  Cases 4C through 4E was c a l c u l a t e d  under an assumption o f  a moderate 
l e v e l  o f  long-term care.  As shown i n  Case 4C, a l though an a d d i t i o n a l  ope ra t i ona l  
s tep i s  i n v o l v e d  ( the  t h i c k e r  cap), t h e  assumption o f  a moderate l e v e l  o f  
long-term care reduces t h e  o v e r a l l  energy use t o  l e v e l s  about t h e  same as 
those f o r  Case 1. I n  Case 4D and 4E, t h e  waste conta iners a re  assumed t o  be 
stacked, which i s  an a d d i t i o n a l  process s tep r e s u l t i n g  i n  a d d i t i o n a l  energy 
use. However, t h i s  i s  counteracted by the  increase i n  d isposal  e f f i c e n c y ,  
r e s u l t i n g  i n  a decrease i n  l a n d  committed f o r  waste d isposal .  Fewer d isposal  
c e l l s  need t o  be const ructed,  b a c k f i l l e d ,  covered, compacted, and maintained. 
I n  a d d i t i o n ,  f o r  Case 4D, l e s s  waste (by 800 m3) i s  d e l i v e r e d  t o  the  d isposal  
f a c i l i t y .  D e l i v e r y  o f  t h i s  waste t o  t h e  f a c i l i t y  and d i spos ing  o f  i t  i n  a h o t  
waste f a c i l i t y  (Case 4E) r e s u l t s  i n  an increase i n  energy use over Case 4D. 

The l a n d  use i s  340,000 m2 f o r  Cases 4A-4C, and drops t o  227,000 m2 f o r  Cases 4D 
and 4E. The reduc t i on  i n  l and  use i s  due t o  t h e  assumption o f  waste s tack ing  
f o r  t h e  l a t t e r  two cases. The d isposal  e f f i c i e n c y  i s  assumed t o  be r a i s e d  from 
0.5 t o  0.75. Th is  may be d i f f i c u l t  t o  achieve, however, i n  a c t u a l  p r a c t i c e .  
Even i f  t h e  waste i s  stacked, ope ra t i ona l  l i m i t a t i o n s  may n o t  reduce t h e  
i n t e r s t i t i a l  v o i d  space between waste packages by very much. 

5.2.4.3 Case 5 - Concrete Walled Trenches 

T h i s  case i s  i nc luded  t o  he lp assess t h e  cos ts  and r a d i o l o g i c a l  impacts o f  a 

p o t e n t i a l  d isposal  o p t i o n  i n  which s i t e  s t a b i l i t y  i s  achieved by engineer ing 

means. This  case i s  summarized on Table 5.11. Appendix F i n v e s t i g a t e s  a number 

o f  methods by which subsidence and p e r c o l a t i o n  o f  water i n t o  d isposal  c e l l s  

may be reduced through engineer ing means. Other p o s s i b l e  methods a r e  i n v e s t i g a t e d  

i n  Reference 5. These inc lude  such methods as g r o u t i n g  t h e  disposed waste mass 

o r  p l a c i n g  the  waste i n t o  engineered s t r u c t u r e s  such as caissons o r  w a l l e d  

trenches. There may a l s o  be a number o f  oth,er d isposal  designs which may be 

used. 


Use o f  engineered methods a t  t he  d isposal  f a c i l i t y  t o  achieve waste s t a b i l i t y  

may, depending upon the  p a r t i c u l a r  d isposal  method u t i l i z e d  and t h e  d isposal  

s i t e  environment, i n v o l v e  a range o f  p o t e n t i a l  costs  and r a d i o l o g i c a l  and o the r  

impacts. A r a t h e r  "extreme" (expensive) method i s  i l l u s t r a t e d  i n  t h i s  example. 


I n  t h i s  case, a l l  wastes a re  assumed t o  be stacked i n t o  concrete w a l l e d  trenches. 

I n  a d d i t i o n ,  unstable wastes and waste streams c o n t a i n i n g  organic  chemicals o r  

complexing agents a re  disposed i n  segregated d isposal  c e l l s .  The spaces between 

t he  waste packages a re  grouted and a one-meter t h i c k  cap o f  concrete i s  poured 

over t h e  waste, over which two meters o f  compacted c layey s o i l  i s  emplaced and 

compacted. Grass i s  then p lanted.  
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Table 5.11 Summary o f  Cases 5 and 6 

Case 5 - Cement Walled Trench 

Cement wa l l ed  t rench  

Waste spectrum 1 

Use o f  t h i c k e r ,  compacted c l a y  cap 

Segregation o f  wastes c o n t a i n i n g  chelates 

Segregation o f  compressible wastes 

Stacked d isposal  o f  waste 

Grout ing emplaced between waste packages 

Cement w a l l e d  t rench  used as an i n t r u d e r  

b a r r i e r  


Case 6 - Decontainer ized Disposal o f  Compressible Wastes 

Regular SLB t rench  
Waste spectrum 1 
Use o f  a t h i c k e r ,  compacted cap 
Segregation o f  wastes c o n t a i n i n g  chelates 
Segregation o f  compressible wastes 
Random disposal  except f o r  l o w  a c t i v i t y  compressible wastes 
Decontai n e r i  zed d isposal  o f  dry, 1ow a c t i v i t y  compressible 
wastes 

0 Use o f  a sand b a c k f i l l  

0 Layer ing used as an i n t r u d e r  b a r r i e r  


Ground-Water Impacts 

P ro jec ted  ground-water impacts are summarized i n  Table 5.12. As can be seen, 
a l l  c a l c u l a t e d  exposures a re  lower than those est imated f o r  t h e  prev ious cases. 
The est imated organ doses, w i t h  t h e  except ion o f  t h y r o i d  and bone, are on the  
o rde r  o f  mrem/yr a t  t h e  s i t e  boundary w e l l ,  a re  about 5 t imes h igher  a t  
t h e  i n t r u d e r  w e l l ,  and drop by  approximate orders o f  magnitude a t  both t h e  
p o p u l a t i o n  w e l l  and t h e  sur face water access l o c a t i o n .  The reason t h a t  boundary 
w e l l  whole body (and o the r  organs) exposures a re  h igher  than those f o r  t he  
i n t r u d e r  w e l l  i s  t h a t  most o f  these exposures are s t i l l  due t o  t r i t i u m ,  which 
i s  i n d i c a t e d  by t h e  observat ion t h a t  t he  maximum exposures occur a t  about 
100 years f o l l o w i n g  f a c i l i t y  c losure.  (The ac tua l  maximum p o t e n t i a l  i n t r u d e r  
w e l l  exposures a re  est imated t o  be about 1.3E-2 mrem, b u t  occur p r i o r  (50 years) 
t o  t h e  end o f  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  per iod. )  For t h y r o i d ,  t h e r e  i s  
l e s s  o f  a change. Exposures a t  t h e  i n t r u d e r  and boundary w e l l s  a re  about 
0.4 mrem/yr and those a t  t he  popu la t i on  w e l l  about 0 . 1  m r e d y r ,  w h i l e  the  
sur face water access i s  about an order  o f  magnitude less.  The reason t h a t  
cons iderably  l e s s  r e d u c t i o n  i n  t h y r o i d  exposure i s  observed than f o r  exposures 
t o  o the r  organs i s  due t o  t h e  assumption o f  a general d e t e r i o r a t i o n  i n  t h e  
d isposal  c e l l s  a t  t h e  end o f  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  per iod.  A t  a 
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Table 5.12 	 Estimated Radiological Ground-Water Impacts for 
Cases 5 and 6. 

(mrem/y r) 

Cases Body Bone Liver Thyroid Kidney Lung GI 

(5)
Intruder 8.096E-4 1.434E- 3 8.096E-4 3.873E-1 8.096E-4 8.096E-4 8.096E-4 
We1 1 (100) (6 Y 000) (100) (4 Y 000) (100 1 (100) (100) 

o undary 4.179E-3 1.429E-3 4.179E-3 3.873E-1 4.179E-3 4.179E-3 4.179E-3 
We1 1 (70) (6 ,OOO> (70) (4 9 000) (70) (70) (70) 

We1 1 
Surface 

(10 000) 
9.851E-6 

(10,000) 
1.363E-5 

(10 y 000) 
4.992E-6 

(6 ,000) 
5.577E-3 

(10,000) 
8.681E-6 

(10,000) 
2.732E-6 

(10,000) 
6.448E- 6 

Water (10,000) (10 000) (10 y 000) (10 ,000) (10 000) (10,000) (10 ,000) 

( 6 )
Intruder 2.487E-2 4.517E-2 2.156E-2 1.238E+1 2.235E-2 2.156E-2 2.156E-2 

(6,000) 
1.113E-1 

(6 Y 000) 
4.503E-2 

(100 1 
1.113E-1 

(4 Y 000) 
1.238E+1 

(6 Y 000)
1.113E-1 

(100) 
1.113E- 1 

(100) 
1.113E-1 

Population 
(70)
7.096E-3 

(6 ,000) 
1.045E-2 

(70)
3.690E-3 

(4,000) 
3.911E+O 

(70)
6,287E- 3 

(70)
2.103E- 3 

(70)
4.739E-3 

Population 2.229E-4 3.314E-4 1.163E-4 1.224E-1 1.976E-4 6.667E-5 1.491E-4 

We1 1 (10,000) (10,000) (10,800) (6,000) (10 000) (10,000) (10,000)
Surface 3.147E-4 4.347E-4 1.594E-4 1.783E-1 2.773E-4 8.713E-5 2.OQOE-4
Water (10 ,000) (10 ,000) (l0,OOO) ‘(10 ,000) (10,000) (10 ,000) (10 000) 

time period equal to 100 years follow?’nglicense termination, approximately
10 percent o f  the disposal cells are assumed to be significantly disturbed by
intrusion so that infiltration o f  rainwater into the disturbed disposal cells 
is increased from less than a millimeter per year to about 30 mm/year. The 
percolation over the remainder of the disposal area is raised to about 1.5 mm/yr.
Since most of the boundary well exposures are due to migration of tritium, the 
hundred year time period of minimum infiltration allows considerable decay of 
the tritium inventory (by a factor o f  about 280) prior to initiation of the 
higher percolation rates. Since iodine-129 is so very long lived, the 100-year
institutional control period has virtually no effect on the inventory in the 
disposal cells. 

Other Impacts 


Other impacts are listed in Table 5.13. It can be seen that the major differences 
from Cases 4A-4E are in occupational exposures at the disposal facility, costs,
incremental energy use, and committed land. 
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Table 5.13 Other Impacts Associated with Cases 5 and 6 

Impacts Case 5 Case 6 

Short-term population 

exposures: (man-mrem) 
 - -Processing at waste generator

Processing at regional

processing center 0 0 

Waste transportation 5.10E+5 5.10E+5 

Short-term occupational 

exposures: (man/mrem)

Processing at waste generator -
Processing at regional
processing center 0 0 

Waste transportation 5.82E+6 5.82E+6 
Waste disposal 5.27E+6 1.05E+7 

Waste generation and 
transport costs: ($) - -Processing at waste generator

Processing at regional

processing center 


Waste transportation 


Disposal Costs: ($)
Design and Operational
Postoperational 

Total : 
Unit ($/m3) 

Energy use: (gal) 


Land use: (m2) 

Waste volume disposed: (m3)
Regular:
Chemical-stable 
Chemical-unstable 
No chemical-stable , 

No chemical-unstable 
Total 

Layered : 
Chemical-stable 
Chemical-unstable 
No chemical-stable 
No chemical-unstable 

Total 
Hot Waste Facility
Total disposed:

Total volume not acceptable: (m3) 

0 0 
2.05E+8 2.05E+8 

4.21E+8 2.56E+8 
1.22E+7 I.81E+7 
4.33E+8 2.74E+8 
442 280 

+3.00E+§ -1.00E+5 

5.33E+§ 3.40E+5 

1.02E+4 1.02E+4 
1.17�+5 I . l5E+5 
2.23E+5 2.23E+5 
6.30E+5 5.34E+5 
9.80E+5 8.82E+5 

0 0 
0 1.87E+3 
0 0 
0 9.59E+4 
0 9.77�+4 
0 0 
9.80E+5 9.80E+5 
1.94E+4 1,94E+4 
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Occupational exposures are seen to be in the range of 5.27 E+6 man-millirem, 
which is similar to the range of exposures calculated for Cases 4D and 4E, in 
which the waste i s  assumed to be stacked into the disposal cells. Waste i s  
also assumed to be stacked for Case 5. These occupational exposures are more 
than twice those estimated for Case I.. Waste operations would all take place
from the top of the disposal cells, and SO the average distance between the 
workers and the disposed waste would be increased. On the other hand, waste 
disposal operations would take longer. In addition, use of walled trenches 
involves grouting of waste packages, which is an additional disposal step. 

The most significant difference from earlier cases appears to be in the costs. 
Due to the expensive engineered disposal cells, facility design and operational 
costs for Case 4A are projected to climb to $421 million ($430/m3, $12.20/ft3),
which is an increase by a factor of 2.25 from Case 1 and by about 2 from Case 
4C. This may actually be a low estimate. Since this disposal technique has 
not been implemented on a full-scale basis at any disposal facilities, there 
would undoubtably be a number of logistical and practical details to work out. 
These could raise costs well above those estimated here. One of the practical
difficulties, for example, would involve emplacement of all wastes from above 
the disposal cells using slings and hoists. This would be a straightforward
task for liners and boxes, but would be considerably more difficult for drummed 
wastes. This is especially significant when one considers that the great
majority of the LLW delivered to disposal facilities are delivered in 55-gallon
drums. 

On the other hand, the site stability resulting from the extensive engineering
practices represented by use of the walled trench results in a considerable 
reduction in estimated long-term care costs. Long-term care costs are estimated 
at the lowest level ($12-2million). Overall costs for Case 5 are estimated 
at $433 million, or an average of about $442 per m3 of waste ($12.50/ft3). As 
discussed above, these costs may actually be higher. 

, 	 Another concern is equitability. Much of the waste is very low hazard material 
and often only suspected of being contaminated with radioactivity. This waste 
is quite often generated by small businesses or other concerns such as clinics, 
colleges, research facilities, and small manufacturers. In addition, a 
particular licensee may generate only small quantities of waste material per 
year. These factors increase the difficulty of the analysis and arriving at an 
equitable solution. On one hand, it is difficult t o  justify requiring disposal
methods involving significantly increased costs to dispose of waste which may
otherwi'se be of very low hazard. Such significantly increased costs would 
~ r o b a b ~ yprincipally impact licensees such as small businesses or other concerns 

which may also only generate relatively small volumes of waste per licensee. 

On the other hand, disposal facility instability has been shown to a significant

factor in long-term costs to a site owner. 


r ~
~ ~ use ei s  estimated to~ increase relative to Case 1--in this case by 200,000
gal?ons of equivalent fuel In this calculation, the reduced energy use asso
ciated with long-term care is somewhat offset by the increased energy consump
tion associated with construction of the walled trenches. Due to greatly
decreased efficiency of the walled trenches, land use is estimated to be 
approximately 1.57 times that for Case 1 and 2.35 times that for Case 4D. 
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5.2.4.4 Case 6 - Decontainer ized Disposal o f  Compressible Waste 

Case 6 i s  i nc luded  t o  assess a p o t e n t i a l  a l t e r n a t i v e  method of disposing o f  
low a c t i v i t y  compressible wastes. I n  t h i s  case, lower a c t i v i t y  compressible 
wastes a re  assumed t o  be emptied o u t  o f  con ta ine rs  i n t o  segregated d isposal  
t renches, where t h e  waste i s  p e r i o d , i c a l l y  covered by a s o i l  l a y e r .  Trenches 
f o r  which t h i s  p r a c t i c e  occurred would be operated i n  a s i m i l a r  manner as a 
s a n i t a r y  l a n d f i l l .  Operations would be c a r r i e d  o u t  under weather s h i e l d i n g  
(such as an a i r  support  b u i l d i n g )  t o  reduce wind s c a t t e r .  Th is  case i s  
summarized on Table 5.11. 

The r a t i o n a l e  f o r  cons ide r ing  t h i s  case i s  t h a t  w i t h  no r i g i d  conta iners,  t he re  
would be an o v e r a l l  r e d u c t i o n  i n  v o i d  spaces w i t h i n  the  d isposal  t renches 
c o n t a i n i n g  t h e  compressible wastes. There would be some i n i t i a l  slumping as 
t h e  waste degrades, b u t  a f t e r  a few years,  i t  cou ld  be assumed t h a t  an 
e q u i l i b r i u m  c o n d i t i o n  c o u l d  occur. Long-term maintenance requirements, r e l a t i v e  
t o  Case 1, would be reduced. This  technique, however, has never been e x t e n s i v e l y  
used a t  a r a d i o a c t i v e  waste d isposal  f a c i l i t y .  

Ground-Water Impacts 

Maximum est imated ground-water r a d i o l o g i c a l  impacts f o r  t h i s  case are summarized 
i n  Table 5.12, w h i l e  o the r  impacts a re  summarized i n  Table 5.13. R e l a t i v e  t o  
Case 4C, ground-water impacts a re  seen t o  be t h e  same a t  t h e  f o u r  b i o t a  access 
l o c a t i o n s .  Maximum organ doses, except f o r  t h y r o i d ,  a t  t h e  boundary w e l l  are 
i n  t h e  range o f  0 . 1  mrem, w i t h  exposures a t  t he  p o p u l a t i o n  w e l l  and t h e  sur face 
water access l o c a t i o n  i n  t h e  range o f  mrem, and mrem, r e s p e c t i v e l y .  
Thy ro id  exposures a re  considerably  h ighe r  than t h e  o the r  organ doses a t  a l l  
access l oca t i ons .  As discussed p rev ious l y ,  t h e  maximum exposures a t  t h e  i n t r u d e r  
and boundary w e l l s  a r e  most ly  due t o  t r i t i u m  and iod ine .  

Other I m a c t s  

Also o f  i n t e r e s t  a re  t h e  o the r  impacts shown i n  Table 5.13. O f  concern i s  t h e  
g r e a t l y  increased occupat ional  exposures rece ived  d u r i n g  waste handl ing and 
d isposal  operat ions a t  t h e  d isposal  f a c i l i t y .  These are est imated t o  be appro
x ima te l y  4 t imes those f o r  Case 1and t w i c e  those f o r  Case 4D. These exposures 
a r e  uncer ta in ,  s ince t h i s  d isposal  technique has never p r e v i o u s l y  been e x t e n s i v e l y  
used a t  any d isposal  f a c i l i t y ,  and cou ld  be h igher .  

Disposal f a c i l i t y  design and opera t i ona l  cos ts  a re  lower than those f o r  Case 5, 
b u t  are s i g n i f i c a n t l y  h ighe r  than Cases 1through 4E. Long-term care costs  
are e s p e c i a l l y  d i f f i c u l t  t o  est imate.  The i d e a  behind t h i s  d isposal  technique 
i s  t h a t  t h e  r e d u c t i o n  i n  v o i d  space and t h e  increased r a t e  o f  decomposit ion 
would r e s u l t  i n  decreased long-term maintenance requirements. However, g iven 
t h e  somewhat specu la t i ve  nature o f  t h i s  d isposal  technique, a moderate ( r a t h e r  
than l o w )  l e v e l  of  long-term care costs  has been assumed. This  r e s u l t s  i n  a 
t o t a l  d isposal  c o s t  o f  $274 m i l l i o n ,  o r  $280/m3 ($7.93/ f t3>.  This  i s  l e s s  than 
t h e  u n i t  cos ts  f o r  Case 5, b u t  g rea te r  than u n i t  costs  f o r  Cases 1through 4E. 
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Due t o  t h e  reduced long-term care requirements, incremental energy use i s  
reduced r e l a t i v e  t o  Case 1 by about 100,000 ga l l ons  o f  equ iva len t  f u e l .  Land 
use i s  s i m i l a r  t o  Cases 1 through 4C. 

5.2.4.5 Case 7 - Use o f  Improved Waste Forms 

Case 7 presents a s i g n i f i c a n t  change r e l a t i v e  t o  t h e  prev ious cases i n  t h a t  
waste spectrum 2 i s  assumed r a t h e r  than waste spectrum 1. I n  waste spectrum 2 
t h e  f o l l o w i n g  i s  assumed: 

o 	 A l l  LWR concentrated l i q u i d s  a re  evaporated t o  50 weight  pe rcen t  
s o l i d s .  

o 	 A l l  LWR process wastes, i n c l u d i n g  l i q u i d s ,  i o n  exchange res ins ,  f i l t e r  
media, and c a r t r i d g e  f i l t e r s  are s o l i d i f i e d  us ing  improved s o l i d i f i c a 
t i o n  techniques ( s o l i d i f i c a t i o n  scenar io  B). I n  t h i s  case, h a l f  t h e  
waste i s  assumed t o  be s o l i d i f i e d  i n  cement and t h e  o t h e r  h a l f  i s  
assumed t o  be s o l i d i f i e d  i n  an improved polymer s o l i d i f i c a t i o n  agent. 

o 	 L i q u i d  waste streams from p roduc t i on  o f  medical isotopes a re  assumed 
t o  be s o l  id i  f ied in an improved polymer s o l  id i  f ic a t i  on agent (so l  i d i  f i
c a t i o n  scenar io  C).  

o 	 A l l  combust ib le waste streams a re  assumed t o  be compacted. A l l  f u e l  
c y c l e  t r a s h  streams and h a l f  o f  t h e  i n s t i t u t i o n a l  and i n d u s t r i a l  waste 
streams a re  assumed t o  be compacted by t h e  waste generator.  The o the r  
h a l f  o f  t h e  i n s t i t u t i o n a l  and i n d u s t r i a l  combust ib le waste streams 
(I+COTRASH, N+SSTRASH, N+LOTRASH) a re  assumed t o  be compacted a t  a 
reg iona l  process ing f a c i l i t y  which i s  assumed t o  be co located w i t h  
t h e  d isposal  f a c i l i t y .  Th is  r e s u l t s  i n  a t o t a l  volume o f  1.025 E+5 
m3 o f  compressible m a t e r i a l  which i s  processed a t  t he  reg iona l  
process ing cen te r  t o  an approximate volume o f  2.98 E+4 m3 p r i o r  t o  
d i  sposal . 

6) 	 A l l  h i ghe r  a c t i v i t y  waste streams a re  s t a b i l i z e d  i n  a manner which 
i s  l e s s  l i k e l y  t o  degrade and reduce , in  volume i n  a humid environment. 
These i n c l u d e  t h e  f o l l o w i n g  waste streams: P-NCTRASH, B-NCTRASH, 
L-NFRCOMP, N-ISOPROD, AND N-HIGHACT. These waste streams are n o t  i n  
themselves unstable b u t  a r e  assumed t o  be packaged i n  waste spectrum 
1 us ing  compressible t r a s h  f o r  s h i e l d i n g  and/or c o n t a i n i n g  l a r g e  v o i d  
spaces w i t h i n  t h e  waste packages. There may be a number o f  ways i n  
which these waste streams may be s tab i l i zed - -e .g . ,  f o r  a c t i v a t e d  metals 
such as nonfuel  r e a c t o r  core components (L-NFRCOMP), v o i d  spaces 
w i t h i n  a waste package may be p o t e n t i a l l y  f i l l e d  w i t h  a nondegradable 
f i l t e r  such as sand r a t h e r  than compressible t rash .  The costs  f o r  
such waste s t a b i l i z a t i o n  may vary depending upon t h e  waste form and 
a c t i v i t y ,  b u t  as an upper bound t h e  costs  o f  p l a c i n g  the  waste streams 
i n t o  h i g h  i n t e g r i t y  con ta ine rs  may be used. As discussed i n  
Sect ion 5.2.4.8, these costs  are est imated as approximately $450 p e r  
m3 o f  waste. 
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I n  a number o f  ways waste spectrum 2 represents the  d i r e c t i o n  i n  waste f o r m  
and packaging toward which waste generators a re  heading. For examples, a l though 
t h e r e  a re  no reg iona l  process ing f a c i  1 ities c u r r e n t l y  operat ing,  many 1icensees 
( p a r t i c u l a r l y  l a r g e  l icensees)  have i n s t a l l e d  o r  are i n s t a l l i n g  waste compacting 
equipment. I n  a d d i t i o n ,  l i c e n s e  cond i t i ons  a t  ope ra t i ng  waste d isposal  f a c i l i t i e s  
w i l l  s h o r t l y  r e q u i r e  t h a t  LWR i o n  exchange r e s i n s  and f i l t e r  media be e i t h e r  
s o l i d i f i e d  o r  packaged i n  a h i g h  i n t e g r i t y  conta iner .  

Due t o  t h e  a d d i t i o n a l  waste process ing c a r r i e d  o u t  by t h e  waste generators and 
a t  t h e  reg iona l  process ing center ,  t h e  t o t a l  volume o f  waste i s  reduced i n  
waste spectrum 2 f r o m  one m i l l i o n  m3 t o  6.978E+5 m3. I n  a d d i t i o n ,  t h e  volume 
o f  unstable waste streams i s  reduced f r o m  76% t o  45% o f  t h e  t o t a l  waste 
spectrum. The a c t i v i t y  i n  t h i s  waste spectrum, however, i s  assumed t o  remain 
t h e  same. 

Case 7 c o n s i s t s  o f  4 subcases i n  which successive d isposal  f a c i l i t y  design and 
opera t i ona l  improvements are made. These 4 subcases are summarized b r i e f l y  
below and i n  more d e t a i l  i n  Table 5.14: 

o 	 Case 7A. S i m i l a r l y  t o  Case lA, waste streams a r e  randomly disposed 
i n t o  d isposal  c e l l s  w i t h  no segregat ion o f  compressible waste streams 
o r  waste streams c o n t a i n i n g  organic  chemicals o r  c h e l a t i n g  agents. 
A t h i n  s o i l  cover ("standard cap") i s  p laced over t h e  disposed waste 
and l i t t l e  compaction o f  t h e  t rench  cover takes place. 

o 	 Case 7B. Th i s  case i s  s i m i l a r  t o  Case 4A i n  t h a t  e a s i l y  compressible 
waste streams as w e l l  as waste streams c o n t a i n i n g  s i g n i f i c a n t  q u a n t i t i e s  
o f  c h e l a t i n g  agents are assumed t o  be disposed i n  a segregated manner. 

o 	 Case 7C. This  case i s  s i m i l a r  t o  Case 4B. I n  a d d i t i o n  t o  segregat ion 
o f  t he  compressible waste streams and waste streams c o n t a i n i n g  c h e l a t i n g  
agents, t h e  d isposal  c e l l  covers c o n t a i n i n g  compressible waste streams 
are subjected t o  improved compaction techniques. 

o 	 Case 7D. Th is  case i s  s i m i l a r  t o  Case 4C. I n  a d d i t i o n  t o  waste 
segregat ion,  t h i c k e r  d isposal  c e l l  covers composed o f  a high-grade 
c l a y  s o i l  are assumed t o  be emplaced over a l l  t h e  d isposal  c e l l s ,  
which are a l s o  subjected t o  improved compaction techniques. 

Ground-Water Impacts 

Maximum ground-water impacts a t  each o f  t h e  f o u r  b i o t a  access l o c a t i o n s  are 
l i s t e d  i n  Table 5.15. I n  general ,  t h e  impacts c a l c u l a t e d  i n  Case 7A f o r  t he  
i n t r u d e r  and boundary w e l l s  are, except f o r  t h y r o i d  exposures, s i m i l a r  t o  
those c a l c u l a t e d  f o r  Case 1A. S i m i l a r l y ,  boundary w e l l  impacts f o r  Cases 7B 
through 7D are, except f o r  t h y r o i d  exposures, s i m i l a r  t o  those r e s p e c t i v e l y  
c a l c u l a t e d  f o r  Cases 4A through 4C. However, a more s i g n i f i c a n t  d i f f e r e n c e  i s  
observed f o r  t h y r o i d  exposures a t  t h e  i n t r u d e r  and boundary w e l l s ,  as w e l l  as 
exposures t o  a l l  organs a t  t he  p o p u l a t i o n  w e l l  and the  sur face water access 
1o c a t i  on. 
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Case 7A 
o 
o 
o 
o 
o 
o 
o 

Case 7B 
0 

0 
0 

0 

0 


0 

0 


Case 7C 
0 


0 

0 


0 

0 


0 

0 

0 


Case 7D -

Table 5.14 Summary o f  Cases 7A-7D 

Improved Waste Forms: No Segregation 

Regular SLB t rench  
Waste spectrum 2 
SLB w i t h  a standard cap 
No segregat ion o f  wastes c o n t a i n i n g  chelates 
No segregat ion o f  compressible wastes 
Random disposal  o f  waste w i t h  a sand b a c k f i l l  
Layer ing used as an i n t r u d e r  b a r r i e r  

Improved Waste Forms: Segregation 

Regular SLB t rench  
Waste spectrum 2 
SLB w i th  a standard cap 
Segregat ion o f  wastes c o n t a i n i n g  chelates 
Segregat ion o f  compressible wastes 
Random disposal  o f  waste w i t h  a sand b a c k f i l l  
Layer ing used as an i n t r u d e r  b a r r i e r .  

Improved Waste Forms: Segregat ion Plus Compaction 

Regular SLB t rench  
Waste spectrum 2 
SLB w i t h  a standard cap 
Compaction us ing  improved methods 
Segregation o f  wastes c o n t a i n i n g  che la tes  
Segregat ion o f  compressible wastes 
Random disposal  o f  waste w i t h  a sand b a c k f i l l  
Layer ing used as an i n t r u d e r  b a r r i e r  

Improved Waste Forms: Segregation, Compaction 
and Improved Covers 

Regular SLB t r e n c h  
Waste spectrum 2 
SLB w i t h  a t h i c k e r  c l a y  cap 
Compaction us ing  improved methods 
Segregation o f  wastes c o n t a i n i n g  chelates 
Segregat ion o f  compressible wastes 
Random disposal  o f  waste w i t h  a sand b a c k f i l l  
Layer ing used as an i n t r u d e r  b a r r i e r  
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Table 5.15 	 Est imated Rad io log i ca l  Impacts from Ground-Water 
M i g r a t i o n  f o r  Cases 7A through 7D 

(m rem/y r) 

Cases Body Bone L i v e r  Thyro i  d Kidney Lung G I  


(7A)

In truder 3.042E+O 2.466E-1 3.042E+O 2.353E+1 3.042E+O 3.042E+O 3.042E+O 


We1 1 (100 1 (6,000) (100) (6,080) (100) (100) 
Boundary 1.570E+1 2.464E-1 1.570E+1 2.353E+l 1.570E+1 1.570E+1 

We1 1 (70) (6,000) (70) (6,000) (70) (70) (70) 
Popul a t i  on 2.044E-2 5.468E- 2 1.397E-2 7.430E+O 1.889E-2 1.096E-2 1.594E-2 

We1 1 (10,000) (10 ,000) (10,000) (8,000) (10,000) (10,000) (10,000) 
Surface 9.174E-4 2.425E-3 6.226E-4 3.387E-1 8.460E-4 4.855E-4 7.017E-4 

Water (10,000) (10,000) (10 ,000) (10 y 000) (10,000) (10 9 000) (10 y 000) 

(7B)
I n t r u d e r  7.702E-1 2.158E- 1 7.702E-1 7.702E-1 7.702E-1 7.702E-1 

1We1 1 ( ~ 0 0  (6,000) (100) (100) (100) (100) 
Boundary 3.976E+0 2.156E-1 3 976E+0 3.976E+0 3.976E+0 3.976E+0 

We11 (70) (6,000) (70) (70) (70) (70) 
Popul a t i  on 1.035E-2 4.680E- 2 9.678E-3 1.020E-2 9.362E-3 9.895E- 3 

We1 1 (10,000) (10 ,000) (10 y 000) (10,000) (10,000) (10,000) 
Surface 4.598E-4 2.072E-3 4.290E-4 4.525E-4 4.146E-4 4.386E-4 

Water (10,000) (10,000) (10,000) (10,000 (10,000) (10,000) 

(7C)

I n t r u d e r  7.645E-1 1.238E-1 7.645E-1 2.246E+O 7.645E-1 7.645E-1 7.645E-1 


We1 1 (ml) (6,000) (100) (6,000) (100) (100 1 (100) 
Boundary 3.947E+0 1.237E-1 3.947E+0 2.246E+O 3.947E+0 3.947E+0 3.947E+0 

We1 1 (70) (6,000) (70) (70) (70) (70) 
Populat ion 6.279E- 3 2.690E-2 5.668E-3 6.139E-3 5.383E-3 5.868E-2 

We1 1 (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) (10,000) 
Surface 2.792E-4 1.191E-3 2.514E-4 3.224E-2 2.727E-4 2.384E-4 2.602E-4 

Water (10,000) (10,000) (10y 000) (10,000) (10,000) (10,000) (10,000) 

(7D)
I n t r u d e r  2.151E-2 3.352E-2 2.151E- 2 5.277E-1 2.151E-2 2.151E- 2 2.151E-2 

We1 1 (100) (6,000) (100) (6,000) (100) (100) (100) 
Boundary 1 . 1 1 1 E - 1  3.339E-2 1 . 1 1 1 E - 1  5.277E-1 1 . 1 1 1 E - 1  1 . 1 1 l E - 1 1 . 1 1 1 E - 1 

We1 1 (70) (6,000) (70) (6,000) (70) (70) (70) 
Populat ion 1.66lE-3 7.249E- 3 1.517E-3 1.661E-1 1.627E-3 1.450E-3 1.564E-3 

We1 1 (10 y 000) (10,000) (10,000) (10 000) (10 y 000) (10,000) (10 y 000) 
Surface 6.848E-5 2.943E-4 6.194E- 5 7.563E-3 6.695E-5 5.889E-5 6.402E-5 

Water (10,000) (10,000) (10,000) (10,000) (10 y 000) (10 ,000) (10 ,000) 
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This  p a t t e r n  i s  b a s i c a l l y  due t o  t h e  f a c t  t h a t  under waste spectrum 2, w h i l e  
no change i n  waste form i s  assumed f o r  t h e  two low volume waste streams 
d e l i v e r e d  t o  the  f a c i l i t y  c o n t a i n i n g  very h igh  concentrat ions o f  t r i t i u m  
(N-TRITIUM and N-TARGETS), a l l  LWR process waste streams a re  p laced i n t o  a 
s t a b l e  waste form through s o l i d i f i c a t i o n .  I n  a d d i t i o n ,  a number of higher  
a c t i v i t y  waste streams are packaged t o  achieve g rea te r  waste form s t a b i l i t y  
over t h e  l ong  term. 

For Case 7A, even though t h e r e  i s  an o v e r a l l  improvement i n  waste f o r m  i n  waste 
spectrum 2, the  d isposal  p r a c t i c e  o f  m ix ing  compressible waste streams w i t h  
s t a b l e  waste streams s t i l l  r e s u l t s  i n  t r e n c h  subsidence problems and increased 
p e r c o l a t i o n  i n t o  a l l  o f  t he  d isposal  c e l l s .  Th is  increased p e r c o l a t i o n  i s  
conse rva t i ve l y  assumed t o  be the  same as t h a t  f o r  Case 1, al though the  a d d i t i o n a l  
compaction a p p l i e d  t o  compressible waste streams would a c t u a l l y  be expected t o  
reduce t h e  r a t e  o f  subsidence and thus reduce p e r c o l a t i o n .  Th is  e f f e c t  i s  
d i f f i c u l t  t o  q u a n t i f y  b u t  would be expected t o  be most s i g n i f i c a n t  over t h e  
s h o r t  t e r m .  A t  any r a t e ,  t r i t i u m  re leases f r o m  t h e  N-TRITIUM and N-TARGETS 
waste streams a re  e s s e n t i a l l y  i d e n t i c a l  t o  those experienced i n  Case l A ,  and 
almost i d e n t i c a l  whole body exposures a t  t he  boundary w e l l  r e s u l t .  A f t e r  t h i s  
p u l s e  o f  t r i t i u m  passes, however, t h e  next  h ighes t  c a l c u l a t e d  whole body 
exposures a t  t h e  boundary w e l l  are about 0.8 m r e m  f o r  Case 7A, w h i l e  t h e  nex t  
h ighes t  whole body boundary w e l l  exposures f o r  Case PA a re  about t w i c e  as high. 
Both o f  these maximums occur a t  about 6,000 years f o l l o w i n g  1a”cense te rm ina t ion .  

The reduced secondary maximums i n  Case 7A ( r e l a t i v e  t o  Case 1 A )  i s  p r i n c i p a l l y  
due t o  t h e  assumed use o f  l e s s  leachable waste forms f o r  LWR process streams. 
T h i s  e f f e c t  may be observed, f o r  example, by comparing p o p u l a t i o n  we17 and 
sur face water exposures i n  Cases 7A through 7D w i t h  the  respec t i ve  Cases 1 A  
and 4A through 4G. This  e f f e c t  i s  most e a s i l y  observed, however, by comparing 
t h y r o i d  exposures a t  a l l  o f  t h e  access l o c a t i o n s .  Comparing Cases 7A through 
7D w i t h  Cases 1 A  and 4A through 4C, t h y r o i d  exposures a re  reduced by a f a c t o r  
of about 4 a t  t h e  p o p u l a t i o n  w e l l  and the  sur face water access l o c a t i o n .  This  
i s  expected g iven t h e  assumed reduc t i on  i n  l each ing  achieved f r o m  s o l i d i f i c a t i o n  
of t he  LWR process waste streams. 

Other Impacts 

Other impacts are s e t  ou t  i n  Table 5.16. I n  i t  can be seen t h a t  p o t e n t i a l  
p o p u l a t i o n  exposures f rom waste process ing are s t i l l  taken t o  be a t  n e g l i g i b l e  
l e v e l s .  Th is  i s  because e s s e n t i a l l y  a l l  o f  t he  waste processing i s  done through 
compaction techniques, and p o t e n t i a l  a i rbo rne  e f f l u e n t s  f r o m  compaction are 
taken t o  be n e g l i g i b l e  compared t o  those p o t e n t i a l  exposures from i n c i n e r a t i o n .  
Populat ion exposures f r o m  waste t r a n s p o r t a t i o n  a re  s l i g h t l y  reduced-- i .e. ,  f om 
5.10 E+5 man-mi l l i rem t o  about 5 .01  E+5 man-mi l l i rem over 20 years--which i s  a 
r e s u l t  o f  t h e  reduced volume o f  waste t h a t  i s  d e l i v e r e d  t o  t h e  reference fac l i t y  
under waste spectrum 2. 

Occupational exposures a re  a l l  expected t o  increase w i t h  respect  t o  Case 1. 
For example, t o t a l  exposures f o r  waste processors a re  est imated t o  r i s e  by 
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Table 5.16 Other Impacts f o r  Cases 7A Through 7D 

Impacts Case 7A Case 7 C  

Short- term p o p u l a t i o n  
exposures: (man-mrem) - -Processing a t  waste 

generator 
Processing a t  reg iona l  0 0 

process ing center  
Waste t r a n s p o r t a t i o n  5.01E+5 5.01E+5 

Short- term occupat ional  
exposures: (man-mrem) 

Processing a t  waste 68E+6 +I.68E+6 
generator 

Processing a t  reg iona l  1.25E+5 1.25E+5 
process ing center  

Waste t r a n s p o r t a t i o n  5.43E+6 5*43E+6 
Waste d isposal  2.34E+6 2.34E+6 

Waste genera t ion and 
t r a n s p o r t  costs:  ($) 

Processing a t  waste +3.38E+8 +3.38E+8 
generator 

Processing a t  reg iona l  3.63E+7 3.63E+7 
process ing cen te r  

Waste t r a n s p o r t a t i o n  1.85E+8 1.85E+8 

Disposal  Costs: ($1 
Design and opera t i ona l  1.93E+8 1.93E+8 
Long-term care 3.82�+7 1.81E+7 

T o t a l  : 2.31E+8 2 . l lE+8  
U n i t  ($/m3) (a) 341 311 

Energy Use: (ga l )  +8.00E+6 +7.80E+6 

Land Use: (m2) 2.36E+5 2.36E+5 

Waste vo l  ume disposed: (m3) 
Regular: 

Chemical-stable 3.90E+4 4.00E+4 
Chemical-unstable 7.40E+4 7.40E+4 
No chemical -s tab le 1.32E+5 3.30E+5 
No chemical-unstable 2.32E+5 2.32E+5 

Case 7B 

0 

5.01E+5 

68E+6 

1.25E+5 

5.43E+6 
2.34E+6 

+3.38�+8 

3.63�+7 

1.85E+8 

1.92E+8 
1.81- 3.82E+7 
2.10-2.30E+8 
310-340 

+8.00+6 

2.36E+5 

Case 7D 

0 

5.01E+5 

1.99E+8 
1.22E-1.81E+7 
2.11- 2.17E+8 
311-320 

+7.80E+6 

2.36E+5 
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Table 5.16 (Continued) 


Impacts 


Layered: 
Chemical-stable 
Chemical-unstable 
No chemical-stable 
No chemical-unstable 

Total 

Hot waste facility:

Total disposed: 


Total volume not 
acceptable: (m") 

Case 7A Case 7B Case 7C Case 7D 
~ ~~ 

3.83E+3 2.87 E+3 2.87 E+3 2.87 E+3 
0 0 0 0 
1.98E+5 0 0 0 
0 0 0 0 
2.02E+5 2.87E+3 2.87E+3 2.87E+3 
0 0 8 0 
6.78E+5 6.78E+5 6.78E+5 6.78E+5 

*The indicated unit costs are obtained from dividing the total disposal costs by
the volume of waste delivered to the disposal facility, which is about 680,000 m3 
for Case 7. If unit disposal costs were calculated using the "unprocessed" (waste 
spectrum 1) volumes disposed for Cases 1 through 6 ,  unit costs would be as follows: 

-7A 78 7c 7D 
236 214-235 215 215-221 

2.23E+6 man-millirem. Waste processing exposures at the regional processing 
center are calculated at 1.25E+5 man-millirem, which translates to 8.4 man-rem 
per year. Assuming two shifts, each composed of a two-man crew, this translates 
into an annual exposure of about 1.6 rems per man. 

Waste transportation occupational exposures and waste disposal facility occupa
tional exposures are generally reduced from the exposilres set out in the previous
Cases 1 through 6 .  The volume reduction tends to increase the concentration 
of the radionuclides in the resulting waste streams. However, the concentration 
of radionuclides is already so low in the compacted streams that the increased 
concentration is more than off-set by the reduced number o f  waste packages that 
must be hand1ed. 

Similarly, total population exposures from waste transportation are reduced 
with respect to Cases 1 through 6. This is again because of the reduced number 
of waste shipments for transfer of the same activity of waste to the disposal
faci 1ity. 
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Of in t e re s t  i n  this case i s  the relationship between processing costs ,  trans
portation cos ts ,  and disposal costs.  As discussed by Tekenkron, (Ref. 6) 
the actual costs are  qui te  variable and are  a complicated function o f  disposal 
charges a t  the f a c i l i t y ,  transportation distances,  the potential need t o  use 
shielded transport  vehicles,  the volume of waste processed, the costs of 
ins ta l  1 i ng and mai ntai ni ng waste processing equipment , and so f o r t h .  Additional 
expenditures would be, of course, required by a waste generator t o  i n s t a l l ,  
use, and maintain compaction equipment. However, l ess  storage space would be 
required by the waste generator, fewer shipping containers would be needed, 
and overall transportation costs would be expected t o  be reduced. This i s  borne 
o u t  by Table 5.16. For the same ac t iv i ty  in the waste spectrum, overall trans
portation costs over 20 years are estimated t o  be reduced by a factor  of 1.13 
over waste spectrum 1--e.g. ,  from $205 million t o  $185 million. 

For waste spectrum 2 ,  to ta l  processing costs over 20 years are  raised re la t ive  
t o  waste spectrum 1 by $374.3 million. O f  t h i s  additional $374.3 mill ion,  
$36.3 million resu l t s  from charges f o r  processing by compaction of 1.025 E+5 m3 
o f  waste a t  the regional processing center. The compaction resu l t s  in a to ta l  
volume reduction of about 3.4 a t  an average cost  of $354 per meter of  unprocessed 
waste ($10; 03/ft3). O f  the remaining additional $338 m i  11 ion expended by waste 
generators, approximately $40 million i s  due t o  processing 7 waste streams by 
compaction a t  the f a c i l i t i e s  a t  which the waste i s  generated. (These include 
the P-COTRASH, B-COTRASH, F-COTRASH, I-COTRASH, N-SSTRASH, N-LOTRASH, and 
I-LQSCNVL streams; which are reduced i n  to ta l  disposed volume re la t ive  t o  waste 
spectrum 1 from 3.8 E+5 m3 t o  2.2 E+5 m3.) Of the remainder, approximately 
$257 m i  11 ion i s expended i n sol  idi Fyi ng previously unstable LWR process waste 
streams w h i  l e  approximately $41 ml” 11i o n  i s  conservatively assumed t o  be expended 
in s tab i l iz ing  the higher ac t iv i ty  waste streams. 

Some care i s  required i n  in terpret ing these incremental waste processing costs.  
For example, costs for  compaction of compressible wastes are  already being borne 
by many licensees,  generally as a means of reducing waste transport  costs.  
The remaining expense i s  involved with s tab i l iz ing  the higher ac t iv i ty  waste 
streams. Much of the additional costs for  waste s tab i l iza t ion  involve costs 
for  sol idifying LWR ion exchange resins and f i l t e r  media. Solidifying these 
waste streams i s  one way in which exis t ing disposal l icense conditions may be 
met. 

Some care is  also required i n  in terpret ing the calculated disposal costs.  As 
shown in Table 5.16, f a c i l i t y  design and operation costs increase from 
$193 million t o  $199 million for  Case 7A through 7D, ref lect ing the successive 
addition of f a c i l i t y  design and operating options. Design and operating costs 
are  reduced, however, f o r  Cases 7A-7D compared w i t h  respective Cases L A ,  48, 
4B, and 4C. This i s  due t o  the reduced volume of waste delivered t o  the 
disposal faci  1i t y .  

Long-term care costs are d i f f i c u l t  t o  estimate f o r  Cases 7A th rough  75, b u t  
would in general be considered t o  involve a reduced level o f  long-term care 
costs than those f o r  the respective Cases 1 A ,  4A, 4B, and 4C. In Case 7A, for  
example, despite the additional processing costs and occupational exposures 
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borne by waste generators i n  waste spectrum 2, t he  s t a b l e  waste streams are 
s t i l l  randomly mixed w i t h  unstable waste streams i n  t h e  d isposal  c e l l s .  The 
p o t e n t i a l  f o r  subsidence problems i n v o l v i n g  a l l  waste d isposal  c e l l s  requ i res  
an assumption o f  a h i g h  l e v e l  o f  long-term care costs.  Th i s  assumption, however, 
i s  more conservat ive than the  s i m i l a r  assumption f o r  Cases 1-3 and 1 A .  The 
improved waste form prov ided by the  compaction would r e s i s t  degradat ion b e t t e r  
than noncompacted waste. P o t e n t i a l  vo ids would be slower t o  f o r m  and p o t e n t i a l  
slumping problems reduced. I f  subsidence does occur, i t  would occur a t  a lower 
r a t e .  This  would reduce the  l a b o r  r e q u i r e d  t o  ma in ta in  t h e  f a c i l i t y  and a l s o  
reduce t h e  p e r c o l a t i o n  o f  water i n t o  the  d isposal  c e l l s  c o n t a i n i n g  compressible 
m a t e r i a l ,  thus reducing p o t e n t i a l  ground-water m i g r a t i o n  from these d isposal  
c e l l  s. 

Long-term care costs  f o r  Cases 7B through 70 a re  est imated t o  be f u r t h e r  reduced 
depending upon f a c i l i t y  design and opera t i ng  p rac t i ces .  I n  Case 7D, f o r  example, 
a low t o  moderate range o f  long-term care cos ts  i s  est imated. Th is  can be 
compared w i t h  Case 4C, i n  which something g r e a t e r  than a moderate l e v e l  o f  long-
term care cos ts  are estimated. I n  Case 4A, 76 percent  o f  t h e  disposed waste 
volume i s  i n  an unstable f o r m  w h i l e  f o r  Case 7D, t h i s  has been reduced t o  45%. 
I n  a d d i t i o n ,  f o r  Case 70, waste streams having h i g h  concentrat ions o f  rad io -
nuc l i des  have been s t a b i l i z e d  t o  r e s i s t  extreme volume change due t o  waste o r  
waste package degradat ion.  The inven to ry  o f  rad ionuc l i des  i n  t h e  d isposal  c e l l s  
c o n t a i n i n g  unstable wastes has been considerably  reduced, t h e r e f o r e  reducing 
the  p o t e n t i a l  m i g r a t i o n  impacts from these waste streams. Th is  should lessen 
the  concern over maintenance o f  these segregated trenches and help t o  reduce 
long-term costs.  

T o t a l  d isposal  cos ts  range from about $210 m i l l i o n  t o  about $231 m i l l i o n  over 
the 4 subcases. It i s  i n t e r e s t i n g  t o  observe t h a t  t h e  d i f f e r e n c e  i n  t h e  t o t a l  
cos ts  over t h e  4 cases ($21 m i l l i o n )  i s  much g rea te r  than the  d i f f e r e n c e  i n  
design and opera t i ng  costs.  Th is  i s  because the  increase i n  design and opera t i ng  
costs  i s  compensated by t h e  r e d u c t i o n  i n  long-term care costs .  

As shown and as compared w i t h  Cases 1 A  and 4A through 4C, t o t a l  costs  have 
decreased, s ince t h e  t o t a l  waste volume d e l i v e r e d  t o  the  d isposal  f a c i l i t y  has 
decreased, w h i l e  u n i t  costs  have increased. Th is  makes e s t i m a t i o n  o f  u n i t  cos ts  
d i f f i c u l t  as w e l l  as use o f  u n i t  costs  t o  compare a l t e r n a t i v e s .  On one hand, 
t h e  d isposal  f a c i l i t y  would n o t  f i l l  up w i t h  waste as f a s t  and so would be able 
t o  accept a d d i t i o n a l  waste f o r  d isposal .  However, t h e  d isposal  f a c i l i t y  may 
be r e s t r i c t e d  t o  accept ing waste on ly  from a p a r t i c u l a r  reg ion  o r  group o f  
s t a t e s ,  i n  which case the  opera t i ng  l i f e  o f  t h e  d isposal  f a c i l i t y  would be 
extended. I n  a d d i t i o n ,  t h e  lower volume o f  waste being accepted means l e s s  
revenues received by t h e  d isposal  f a c i l i t y  operator .  Cap i ta l  and o the r  over
head cos ts  a re  n o t  l i n e a r l y  dependent upon t h e  volume o f  waste received,  s ince 
many o f  t he  same a c t i v i t i e s  would have t o  be performed a t  a d isposal  f a c i l i t y  
accept ing a l a r g e  volume of waste as one accept ing a small  volume o f  waste. 
Disposal f a c i l i t y  operators  would t h e r e f o r e  tend t o  r a i s e  t h e i r  p r i c e s  t o  cover 
expenses. 
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At any rate, Table 5.16 illustrates two unit cost figures. One is calculated 
by dividing the total disposal costs by the volume of waste actually delivered 
to the disposal facility, which is about 680,000 m3 for Case 7. The other unit 
cost is calculated by dividing the total disposal costs by the "unprocessed"
(waste spectrum 1) volumes delivered to the disposal facility for Cases 1 through 
6 .  From this, it would appear that use of total (20 year) disposal costs is a 
better unit to compare alternatives than unit costs. 

Committed land use for the 4 subcases of Case 7 is 236,000 m2. This is a 
significant drop from Cases 1 through 6 (e.g., 340,000 m2 for most of the earlier 
cases) and reflects the lower volume of waste delivered to the disposal facility
under waste spectrum 2. 

Incremental energy use varies over a fairly narrow range, and reflects the 
opposing mechanisms of increased energy consumption for additional facility
design and operation options and decreased energy consumption due to lower 
long-term maintenance requirements. In addition, increased energy consumption
is associated with waste processing, while decreased energy consumption is 
associated with waste transportation and waste disposal operations. In general,
however, and due to the additional waste processing, incremental energy consump
tion for Cases 7A through 7D are higher than the respective Cases 1A and 4A 
through 4C. 

5.2.4.6 Case 8 - Use of Further Improved Waste Forms 

This case is similar to Case 7D except that waste spectrum 3 is used instead 
of waste spectrum 2. Under waste spectrum 3 ,  LWR process wastes are assumed 
to be solidified using further improved solidification agents (solidification
scenario C), which i s  represented by a synthetic polymer having 'low leaching
characteristics. LWR concentrated liquids are first evaporated to 50 weight 
percent solids. Extensive incineration o f  combustible material (except LWR 
process wastes) is performed. In this scenario, fuel cycle trash, LWR decon
tamination resins (L-DECONRS stream), trash from large institutions, and trash 
from large industrial firms are assumed to be incinerated at the point of 
generation. Trash streams from small institutional and industrial facilities 
(which include the I+COTRASH, N+SSTRASH, AND N+COTRASH waste streams) are 
assumed to be delivered to a regional processing center for incineration. This 
regional processing center is assumed to be colocated with the disposal facility.
After waste incineration, the ashes are assumed to be solidified prior to 
disposal using a synthetic polymer (solidification scenario C). 

Processing the waste in this manner results in a s gnificant reduction in the 
amount of waste delivered to the disposal facility that is in an unstable form. 
That is, only the I+LQSCNVL, I+BIOWAST, N-LQWASTE, AND F-NCTRASH streams still 
exist in an unstable form, which only totals 2.079 E+4 m out of the 4.92 E+5 m3 
eventually disposed at the disposal facility (repr-senting only 4% of the 
disposed volume). The design of the disposal facility is assumed to be similar 
to that for Case 7D, and is summarized in Table 5.17. 

Waste segregation is performed at the disposal facility, and following random 

emplacement of the waste packages in the disposal cells, a thick clay cover is 

emplaced which is compacted using improved compaction techniques. 
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Table 5.17 Summary of Cases 8 and 9 


Case 8 - Further Improved Waste Forms 

Regular SLB trench 
Waste spectrum 3 
SLB with a thicker clay cap
Compaction using improved methods 
Segregation of wastes containing chelates 
Segregation of compressible wastes 
Random disposal of waste using a sand backfill 
Layering used as an intruder barrier 

Case 9 - Improved Waste Forms and Cement Walled Trench 

Cement walled trench 
Waste spectrum 3 
Use of thicker, compacted cap
Segregation of wastes containing chelates 
Segregation of compressible wastes 
Stacked disposal of waste 
Grouting emplaced between waste packages
Cement walled trench used as an intruder 
barrier 

Ground-Water Impacts 


Maximum ground-water impacts for this case for each of the four biota access 
locations are shown in Table 5.18. It is useful to compare these results with 
those for Case 7D. Compared with Case 70, whole body intruder and boundary
well exposures for Case 8 are only slightly reduced. This is because as in 
the case of waste spectra 1 and 2, no processing is performed on the N-TARGETS 
and N-TRITIUM waste streams. Releases of tritium from these waste streams are 
essentially at the same rates as in Case 7D. Comparing whole body exposures 
at the population well, however, reveals a reduction in exposures by a factor 
of between 5 and 6. Similarly, thyroid exposures for Case 8 have been reduced 
with respect to Case 70. In Case 70, maximum thyroid exposures at the intruder 
and boundary wells are about .5 millirem and occur at about 6,000years following
license termination. In Case 8,maximum intruder and boundary well thyroid 
exposures are about -22  millirem, a reduction by a factor of about 2.3. 
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Table 5.18 Summary o f  Ground-Water Impacts f o r  Cases 8 and 9 

(mrem/y r 

Cases Body Bone L i v e r  Thy ro id  Kidney Lung G I  

(8)

I n t r u d e r  2.119E-2 4.629E-3 2.119E-2 2.216E-2 2.119E-2 2.2119E-2 2.119E-2 

We1 1 (100) (6,000) (100) (6,000) (100) (100) (100) 
Boundary 1.094E-1 4.612E-3 1.094E- 1 2.216E-1 1.094E-1 1.094E-1 1.094E-1 

We1 1 (70) (6,000) (70) (6 ,OOO> (70) (70) (70) 
Populat ion 2.913E-4 1.010E-3 2.306E-4 6.994E- 2 2 . 7 8 6 ~ - 4  2.022E-4 2.540E-4 

We1 1 (10,000) (10,000) (10 ,000) (10,000) (10 J 000) (10,000) (10,000) 
Su r face 1.228E-5 4.109E-5 9.518E- 6 3.187E-3 1.170E-5 8.223E-6 1.056E-5 

Water (10,000) (10,000) (10 ,000) (10,000) (10,000) (10,000) (10 ,000) 

(9)

I n t r u d e r  8.06OE-4 1.977E-4 8.060E-4 1.843E- 2 8.060E-4 8.060E-4 8.060E-4 


We1 1 (100) (6 ,OOO> (100) (4,0001 (100) (1001 (100) 
Boundary 4.161E- 3 1.968E-4 4.161E+3 1.843E-2 4.161E-3 4.161E- 3 4.161E-3 

We1 1 (70) (6 ,000) (70) (4,000) (70) (70) (70) 
Popul a t i  on 1.617E-5 4.362E-5 1 . 1 1 1 E - 5 5.822E-3 1.512E-5 1.512E-6 8.742E-5 

We1 1 (10,000) (10,000) (10 ,000) (10,000) (10 ,000) (10,000) (10,000) 
Sur face 6.912E-7 1.762E-6 4.606E-7 2.653E-4 6.424E-7 3.527E-7 5.472E- 7 

Water (10 ,000) (10 ,000) (10 ,000) (10,000) (10,000) (10,000) (10,000) 

Other Impacts 

Other impacts a re  l i s t e d  on Table 5.19. O f  i n t e r e s t  a re  shor t - term p o p u l a t i o n  
exposures, shor t - term occupat ional  exposures, and costs .  Due t o  t h e  i n c i n e r a t i o n  
o f  t h e  waste, a i rbo rne  re leases are assumed t o  occur i n  the  environs o f  t he  
waste generators and t h e  reg iona l  process ing center.  To ta l  a i rbo rne  p o p u l a t i o n  
exposures over 20 years due t o  process ing by waste generators are 7.86E+6 man
m i l l i r e m ,  which reduce t o  about 3.93E+5 man-mi l l i rem pe r  year  o r  about 19 man-
m i  11irem p e r  m3 o f  waste processed. Waste processing a c t i v i t i e s  a t  t h e  reg iona l  
processing cen te r  a re  est imated t o  r e s u l t  i n  a t o t a l  p o p u l a t i o n  dose o f  3.74E+4 
man-mi l l i rem over 20 years,  o r  about 1,870 man-mi l l i rem p e r  year (0.09 man-
m i  11irem pe r  m3 o f  processed waste disposed a t  t h e  d isposal  f a c i  1i t y ) .  Given 
the  480,000 persons assumed t o  r,eside w i t h i n  50 m i les  o f  t h e  reg iona l  processing 
center ,  t h i s  averages t o  approximately 3.9 E-3 m i l l i r e m  pe r  year pe r  person 
w i t h i n  50 mi les.  



+l. +l. 

+l. 
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Table 5.19 Other Impacts Associated w i t h  Cases 8 and 9 

Irnpacts Case 8 Case 9 

Short- term popu la t i on  exposures: (man-mrem) 
Processing a t  waste generator +7.86E+6 +7.86E+6 
Processing a t  reg iona l  process ing center  3.74E+4 3.74E+4 
Waste t r a n s p o r t a t i o n  5.04E+5 5*04E+5 

Short- term occupat ional  exposures: (man-mrem) 
Processinq a t  waste crenerator 18E+6 18E+6 
Processing a t  reg iona l  process ing center  
Waste t r a n s p o r t a t i o n  
Waste d isposal  

Waste genera t ion  and t r a n s p o r t  costs:  ($)
Processing a t  waste generator  15E+9 '. +1.15E+9 
Processing a t  reg iona l  process ing center  9.50E+7 9.5OE+7 
Waste t r a n s p o r t a t i o n  

Disposal  costs:  ($) 
Design and Operat ions 
Postoperat ional  

T o t a l  : 
U n i t  ($/m3)* 

Energy use: ( g a l )  

Land use: (m2) 
Waste vo l  m e  disposed: (m3) 

Regular: 
Chemical-stable 
Chemical-unstabl e 
No chemical -s tab le 
No chemical-unstable 

T o t a l  
Layer e d: 

Chemical-stable 
Chemical-unstable 
No chemical -s tab le 
No chemical-unstable 

To ta l  
Hot waste f a c i l i t y :  
T o t a l  disposed: 

1.83E+8 1.83E+8 

1.93E+8 3.14E+8 
1.22E+7 1.22E+7 
2.05E+8 3.26E+8 
417 663 

+6.08E+7 +6.10E+7 

1.71�+5 2.68E+5 

2.87E+3 0 
0 0 
0 0 
0 0 
2.87E+3 0 
0 0 
4.92E+5 4.92E+5 

To ta l  volume n o t  acceptable: (m3) 

*The i n d i c a t e d  u n i t  cos ts  a re  obta ined from d l $  d inn t h e  t o t a l  d isposa 
cos ts  by t h e  volume o f  waste d e l i v e r e d  t o  t h e  d isposal  f a c i l i t y ,  which 
i s  about $490,000 m3 f o r  Cases 8 and 9. I f  u n i t  d isposal  cos ts  were 
c a l c u l a t e d  us ing  t h e  "unprocessed" (waste spectrum 1) volumes disposed 
f o r  Cases 1through 6, u n i t  cos ts  would be as fo l l ows :  

Case 8: $209/m3 
Case 9: $333/m3 
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Populat ion exposures from t r a n s p o r t a t i o n  a re  seen t o  be l e s s  than those f o r  
Cases 1through 6 (waste spectrum 1) and are i n  t h e  same range as those o f  
Cases 7 A  through 7 D  (waste spectrum 2). I n  Case 8, a decreased volume o f  
waste must be shipped, which would tend  t o  reduce exposures. This  i s  balanced 
by t h e  increased number o f  h ighe r  a c t i v i t y  waste shipments t h a t  must be 
t ranspor ted  t o  t h e  d isposal  f a c i  1ity. 

Short- term occupat ional  exposures are,  i n  several  cases, reduced from Cases 7 A  
through 7D.  For example, t o t a l  occupat ional  exposures f r o m  process ing waste 
streams a t  waste generator f a c i l i t i e s  and a t  t h e  reg iona l  process ing center  
a re  reduced from Cases 7A-7D.  Th is  i s  because t h e  occupat ional  exposures a re  
est imated based upon t h e  t ime r e q u i r e d  t o  be spent i n  a r a d i a t i o n  environment 
process ing t h e  waste. It requ i res  l e s s  t ime t o  process a g iven volume o f  waste 
by i n c i n e r a t i o n ;  hence, t h e  est imated occupat ional  exposures are reduced. Waste 
t r a n s p o r t a t i o n  occupat ion exposures are somewhat reduced w i t h  respect  t o  Cases 
7 A - 7 D  wh i l e ,  d isposal  f a c i l i t y  occupat ional  exposures are somewhat h igher .  
Th is  i s  because a l though t h e r e  i s  a decrease i n  the  volume o f  waste d e l i v e r e d  
t o  the  d isposal  f a c i l i t y ,  t h i s  i s  balanced by an increase i n  t h e  number o f  
h ighe r  a c t i v i t y  waste conta iners.  I n  the  c a l c u l a t i o n s ,  l e s s  t i m e  i s  taken i n  
p r o x i m i t y  t o  the  h ighe r  a c t i v i t y  waste streams d u r i n g  waste l o a d i n g  and t rans 
p o r t a t i o n  than d u r i n g  waste unloading and d isposal .  Th is  r e s u l t s  i n  s l i g h t l y  
lower t r a n s p o r t a t i o n  occupat ional  exposures and s l i g h t l y  h igher  waste d isposal  
f a c i l i t y  occupat ional  exposures. 

The est imated t o t a l  cos ts  f o r  waste processing, t r a n s p o r t ,  and d isposal  a re  
seen t o  be s i g n i f i c a n t l y  h ighe r  than f o r  t h e  o the r  cases. The most s i g n i f i c a n t  
a d d i t i o n a l  cos ts  are, o f  course, i n c u r r e d  d u r i n g  waste processing. A s  can be 
seen, t o t a l  a d d i t i o n a l  process ing cos ts  a t  t h e  waste generators are approximately 
2.4 t imes those c a l c u l a t e d  f o r  Cases 7A-7D.  Processing charges a t  t he  reg iona l  
process ing cen te r  r u n  a t  about $927/m3 ($26.25/f t3) ,  and are r a i s e d  over 
Cases 7A-7D by a f a c t o r  o f  about 2.6. Processing cos ts  i n  t h i s  range again 
b r i n g s  up t h e  quest ion o f  e q u i t a b i l i t y .  I n c i n e r a t i n g  t h e  waste and s o l i d i f y i n g  
the  remaining ash does p lace  t h e  waste i n t o  a much more s t a b l e  fo rm.  For some 
f a c i l i t i e s  which generate very l a r g e  volumes o f  combust ib le waste, i n c i n e r a t i o n  
may be an e f f e c t i v e  means o f  reducing t r a n s p o r t a t i o n  and d isposal  costs.  I t  
would be a d i f f i c u l t  requirement t o  implement genera l l y ,  however, as a means o f  
s t a b i l i z i n g  otherwise low hazard waste. Such extens ive process ing a c t i v i t i e s  
c o u l d  n o t  be implemented w i t h i n  a s h o r t  t ime  frame and would probably  be a 
f i n a n c i a l  burden t o  most l i c e n s e e s - - p a r t i c u l a r l y  small l icensees such as 
h o s p i t a l s  and research l a b o r a t o r i e s .  

Transpor t  cos ts  a re  about a f a c t o r  o f  1.14 l e s s  than  those f o r  Cases 1through 
6 and s l i g h t l y  lower than those f o r  Cases 7A-7D.  Th is  i s  because on one hand, 
l e s s  shipments a re  r e q u i r e d  f o r  t r a n s p o r t  o f  a g iven a c t i v i t y  o f  waste t o  the  
d isposal  f a c i l i t y .  On t h e  o the r  hand, more use must be made o f  expensive 
sh ie lded  t r a n s p o r t  veh ic les  and casks. 

T o t a l  d isposal  cos ts  r e l a t i v e  t o  Cases 7A-7D a re  reduced. U n i t  costs ,  however, 
are ra ised.  Because o n l y  about 4% o f  t h e  waste i s  s t i l l  i n  an unstable form 
and improved d isposal  c e l l  covers and compaction techniques a re  implemented, 
t h e  d isposal  f a c i l i t y  i s  assumed t o  be p laced i n  a s t a b l e  c o n d i t i o n .  



5-54 


A l s o  p r e d i c t a b l y ,  l a n d  use i s  seen t o  drop t o  1.65E+5 m2, which i s  a r e d u c t i o n  
by a f a c t o r  o f  2 w i t h  respec t  t o  Case 1and by a f a c t o r  o f  1 . 4  w i t h  respec t  t o  
Case 7. Incremental  fue l  use i s  seen t o  be s i g n i f i c a n t l y  g rea te r  than t h e  
preceding cases, which i s  b a s i c a l l y  caused by t h e  increased use f u e l  t o  i n c i n e r a t e  
t h e  waste. 

5.2.4.7 Case 9 - Wal led Trenches and Fu r the r  Improved Waste Forms 

Th is  case i n v e s t i g a t e s  a r a t h e r  extreme example o f  near-surface r a d i o a c t i v e  
waste d isposa l .  As  i n  Case 8, waste spectrum 3 i s  assumed t o  be appl ied.  
However, i n  Case 9 as i n  Case 5, a l l  wastes a re  assumed t o  be disposed i n t o  
concrete wa l l ed  trenches. The waste streams a re  segregated, stacked w i t h i n  
t h e  d isposal  c e l l s ,  and grou ted  i n  p lace.  A summary o f  t h i s  case i s  i nc luded  
as Table 5.17. 

Ground-Water Impacts 

P o t e n t i a l  ground-water impacts a re  t h e  lowest  o f  t h e  cases considered. Maximum 
exposures a t  t h e  i n t r u d e r  and boundary w e l l s  a re  i n  t h e  range o f  t o  

mrem f o r  most organs. Maximum t h y r o i d  exposures a t  t h e  i n t r u d e r  and 
boundary w e l l s  a re  approximately .02 mrem a t  4,000 years f o l l o w i n g  l i c e n s e  
te rmina t ion .  The d i f f e r e n c e  between t h e  t h y r o i d  exposures and exposures t o  
a l l  o the r  organs i s  more s t r i k i n g  f o r  t h e  popu la t i on  w e l l  and sur face  water 
exposures. For t h e  popu la t i on  w e l l ,  f o r  example, organ doses except t h y r o i d  
a re  i n  t h e  range of  t o  m i l l i r e m  w h i l e  t h y r o i d  exposures a re  i n  t h e  
range o f  t o  m i l l i r e m .  

Other Impacts 

Other impacts a re  presented i n  Table 5.19. Since t h e  same waste spec t ra  i s  
used, most o f  t h e  shor t - te rm r a d i o l o g i c a l  impacts a re  t h e  same as those f o r  
Case 8. However, occupat ional  exposures are  est imated t o  s i g n i f i c a n t l y  r i s e  
due t o  t h e  use o f  t h e  concrete wa l l ed  t rench.  Add i t i ona l  t ime must be spent 
i n  c lose  p r o x i m i t y  Lo t h e  waste conta iners  w h i l e  emplacing t h e  (stacked) waste 
and w h i l e  g r o u t i n g  t h e  waste-mass. 

To ta l  d isposal  cos ts  a re  est imated t o  be s i g n i f i c a n t l y  ($123 m i l l i o n  over  
20 years) h igher  than f o r  Case 8. Due t o  t h e  use o f  t h e  wa l l ed  t rench,  design 
and opera t ing  cos ts  a re  about $316 m i l l i o n ,  w h i l e  again a low l e v e l  o f  l ong  
term care and long  term care costs  a re  est imated ($12.2 m i l l i o n ) .  Incremental  
energy use i s  some what h igher  than t h a t  f o r  Case 8. Land use i s  a l s o  
higher--e.g.  , by about a f a c t o r  o f  about 1.6.  

5.2.4.8 Case 10 - High I n t e g r i t y  Containers 

The preceding case s tud ies  i n v e s t i g a t e d  a number o f  ways t o  improve t h e  s t a b i l i t y  
o f  t h e  d isposal  f a c i l i t y .  As discussed, improved f a c i l i t y  s t a b i l i t y  can be 
achieved by segregat ing unstable low a c t i v i t y  m a t e r i a l  f rom t h e  h igher  a c t i v i t y  
waste ma te r ia l  and by s t a b i l i z i n g  t h e  h igher  a c t i v i t y  waste ma te r ia l .  Th is  
s t a b i l i t y  can be achieved through d isposal  f a c i l i t y  des ign and opera t ing  p r a c t i c e s  


